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ABSTRACT 


The  United  States  Ajpiy  Aviation  Systems  Test  Activity  conducted  an  Army 
Preliminary  Fvaljfcrtfon of  the  improved  Cobra  armament  system  during  the  period 
■35-  -September Jo  20  October  1972.  The  testing  was  accomplished  in  three  phases 
(each  subsequent  to  the  contractor's  testing):  (1)  handling  qualities.  (2)  jettison 
envelope  monitoring  and  verification,  and  (3)  helmet  sight  subsystem  qualitative 
evaluation.  The  testing  was  conducted  at  Bell  Helicopter  Plant  No.  6,  Arlington. 
Texas,  and  at  Mojave,  California.  No  dcficiences  and  seven  shortcomings  were 
noted.  The  shortcomings  were  (I)  undamped  lateral-directional  oscillations  with 
the  stability  control  augmentation  system  OFF  at  130  knots  calibrated  airspeed, 
(2)  excessive  four-,  eight-,  and  ten-per-rotor-revolution  vertical  vibrations  in 
symmetrical  pull-ups,  (3)  inability  of  the  helmet  sight/M28A!  system  to  provide 
adequate  range  and  speed  compensation  for  the  40mm  weapon  system, 

(4)  intermittent  helmet  sight  reticle  operation  at  the  pilot  station, 

(5)  uncomfortable  orientation  of  the  gunner's  left  handgrip,  (6)  canted  orientation 
of  the  pilot  and  gunner  sight  reticles,  and  (7)  poor  design  of  the  turret  action 
switch  and  trigger  guard  assembly.  Seven  conditions  were  noted  that  failed  to  satisfy 
the  requirements  of  the  military  specification,  MIL-H-8501A.  The  ship's  airspeed 
system  position  error  characteristics  should  be  incorporated  in  the  operator's 
manual.  The  helmet  sight  subsystem  borcsighting  procedure  should  be  improved 
prior  to  operational  use. 
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FOREWORD 


During  I  he  airspeed  calibration  tests,  the  radar  space-positioning  facilities  and 
associated  data  reduction  assistance  were  provided  by  the  National  Aeronautics 
and  Space  Administration  Flight  Research  Center,  Edwards  Air  Force  Base, 
California. 
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INTRODUCTION 


HACKCROUND 

I.  The  armed  helicopter  has  proven  its  combat  effectiveness  in  the  Vietnam 
conflict.  The  AH-1G  weapons  systems,  although  adequate  for  the  Vietnam  tactical 
environment,  are  not  considered  suitable  for  mid-  and  high-intensity  warfare 
environments.  The  Improved  Cobra  Armament  Program  was  initiated  to  upgrade 
the  AH-1G  to  meet  the  requirements  for  an  armed  helicopter  in  mid-  and 
high-intensity  warfare.  Development  of  an  improved  AH-1G  armament  capability 
was  initiated,  and  a  development  contract  was  signed  on  3  March  1972.  The 
United  States  Army  Aviation  Systems  Test  Activity  (USAASTA)  was  tasked  by 
United  States  Army  Aviation  Systems  Command  (AVSCOM)  test  directives  (refs  I 
through  3,  app  A)  to  conduct  an  Army  Preliminary  Evaluation  (APE)  on  a 
mock-up  version  of  the  AH- IQ  Improved  Cobra  Armament  System  (ICAS). 


TEST  OBJECTIVE 

2.  The  overall  objective  of  the  test  was  to  provide  an  early  assessment  of  the 
handling  qualities  of  the  ICAS,  verification  of  the  jettison  envelope,  and  a  qualitative 
evaluation  of  the  helmet  sight  subsystem  (HSS). 


DESCRIPTION 

3.  The  AH-1G  helicopter,  modified  to  the  ICAS  configuration,  has  been 
redesignated  the  AH- IQ.  The  ICAS  consists  of  the  following:  (1)  AH-1G  helicopter; 
(2)  tube-launched,  optically  tracked,  wire-guided  (TOW)  missile  launchers  with 
associated  control  equipment;  (3)  modified  XM26  sight  subsystem;  and  (4)  helmet 
sight  subsystem.  The  test  AH-IQ  helicopter,  serial  number  70-16019,  manufactured 
and  modified  by  the  Bell  Helicopter  Company  (BHC),  is  a  tandem,  two-place, 
single-main-rotor  helicopter  powered  by  a  T53-L-13  turbine  engine.  Small  tapered 
swept  mid  wings  are  provided  with  two  hardpoint  locations  each,  for  external  stores. 
In  the  ICAS  loading  configuration,  the  helicopter  can  be  equipped  with  an  XM200, 
19-round  rocket  launcher  installed  on  each  inboard  wing  stores  station.  Each 
outboard  wing  stores  station  can  be  loaded  with  cither  one  or  two  TOW  missile 
launchers  (two  TOW  missiles  per  launcher).  The  aircraft  is  equipped  with  an  integral 
chin  turret  and  was  flown  with  the  M28A1  armament  subsystem.  A  mocked-up 
telescopic  sight  unit  (TSU)  nose  structure  was  installed  on  the  test  aircraft.  A 
detailed  description  of  the  AH-1G  helicopter,  the  M28A1  armament  subsystem, 
and  the  XM200  rocket  launcher  is  included  in  the  operator's  manual  (ref  4,  app  A). 
Appendix  B  contains  a  further  description  and  photographs  of  the  AH-IQ 
modifications  and  the  associated  weight  and  balance  changes  are  contained  in 
appendix  C. 


1 


SCOPE  OF  TEST 


4.  The  APE  was  conducted  at  BHC  Plant  No.  6,  Arlington,  Texas,  and  the  Flight 
Test  Research,  Inc.  facility,  Mojave,  California.  The  tests  were  conducted  in  three 
phases  (para  8)  during  the  period  25  September  to  20  October  1972.  During  the 
(light  test  program,  19  flights  were  conducted  fora  total  of  17.9  hours,  of  which 
11.4  hours  were  productive.  The  AH- IQ  helicopter  was  evaluated  to  determine 
the  effect  of  the  modifications  on  handling  qualities  and  airspeed  position  error. 
Handling  qualities  and  vibrations  were  evaluated  with  respect  to  the  applicable 
requirements  of  military  specification  MIL-H-8501A  (ref  5,  app  A).  The 
contractor's  demonstration  of  an  operational  jettison  envelope  was  monitored  and 
verified  to  ensure  that  jettison  could  be  accomplished  without  causing  structural 
damage  or  endangering  the  crew.  The  helmet  sight/M28Al  was  qualitatively 
evaluated  for  target  acquisition  and  tracking  compatibility. 

5.  The  three  test  configurations  consisted  of  the  following:  (1)  configuration  A 
had  one  XM200  launcher,  with  19  inert  2.75-inch  rockets,  on  each  inboard  wing 
station  and  two  TOW  launchers,  with  four  missile  handling  rounds,  on  each 
outboard  station;  (2)  configuration  B  had  clean  wing  stations;  and 
(3)  configuration  C  had  one  instrumentation  poc  (similar  to  an  XM200  launcher) 
on  each  inboard  station.  Test  conditions  are  shown  in  table  1.  Flight  restrictions 
and  operating  limitations  applicable  to  this  evaluation  are  contained  in  the 
operator's  manual  (ref  4,  app  A),  as  modified  by  the  safety-of-flight  releases  (refs  6 
through  8). 


METHODS  OF  TEST 

6.  Established  flight  test  techniques  and  data  reduction  procedures  were  used 
during  the  program.  The  test  methods  are  described  briefly  in  the  Results  and 
Discussion  section  of  this  report.  Flight  test  data  were  recorded  on  magnetic  tape, 
video  tape,  high-speed  motion  picture  cameras,  and  manually  from  calibrated 
instrumentation  located  on  the  pilot  instrument  panel.  A  detailed  listing  of  the 
test  instrumentation  is  contained  in  appendix  D.  A  pace  vehicle  was  used  during 
sideward,  rearward,  and  slow-specd  forward  testing.  Airspeed  calibrations  were 
conducted  usjng  the  trailing  bomb  method  and  radar  space  positioning.  A  Handling 
Qualities  Rating  Scale  (HQRS)  was  used  to  augment  pilot  comments  relative  to 
handling  qualities  (app  E). 
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Table  1 .  Test  Conditions 


Test  Average 

„  .  .  2  Gross  Density 

Configuration  Helght  u,lt,^ 

(lb)  (ft) 


Average 
Outside  Air 
Temperature 
(°C) 


Trim 

Airspeed 
(KCAS) 3 


Sideward  flight 


Rearward  flight 


Control  positions  in 
trimmed  forward  flight 


Collective-fixed  static 
longitudinal  stability 


Static  lateral-directional 
stability 


Dynamic  stability 


Controllability 


Maneuvering  stability 


Simulated 
engine  failure 
characteristics 


Level  flight 
airspeed  calibration 


Level  flight  and  dive 
airspeed  calibration 


Autorotation 
airspeed  calibration 


Climb  airspeed  calibration 


Helmet  sight  subsystem/ 
M28A1  compatibility 


8980 

3060 

8070 

4840 

8130 

4780 

7860 

3840 

7860 

5940 

8520 

2750 

9.5  38  to  112 


10.0  93  to  173 


16.8  47  to  107 


.5  47  to  107 


100  to 
160 


Rotor  speed:  324  rpm. 

Center-of-gravity  locations:  FS  195.8  to  FS  196.4  (mid)  for  all  tests. 
zConf iguration  A:  one  XM200  and  two  TOW  launchers  each  wing. 

Configuration  B:  clean  wing  station. 

Configuration  C:  one  instrument  pod  (simulated  XM200  launcher)  each  inboard  wing 
station. 

’Knots  calibrated  airspeed  unless  otherwise  noted. 

‘"Knots  true  airspeed,  in  ground  effect. 

JOut  of  ground  effect. 
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CHRONOLOGY 


7.  The  chronology  of  the  ICAS  APE  is  as  follows: 


Test  directive  received 
Test  plan  forwarded 
Phase  I  testing  started 
Contractor  resumed  control  of  aircraft 
Phase  II  started,  monitor  contractor 
jettison  testing 

Phase  II  completed,  verification  of 
jettison  envelope 

C  ontractor  resumed  control  of  aircraft 
Phase  I  testing  completed 
Phase  III  testing  started 
Phase  HI  testing  completed 
Preliminary  report  forwarded 
Product  manager  debriefing 


18 

April 

1972 

21 

August 

1972 

25 

September 

1972 

30 

September 

1972 

3 

October 

1972 

5 

October 

1972 

6 

October 

1972 

11 

October 

1972 

19 

October 

1972 

20 

October 

1972 

7 

December 

1972 

8 

December 

1972 

RESULTS  AND  DISCUSSION 


GENERAL 

8.  An  Army  Preliminary  Evaluation  of  the  1CAS  was  conducted  in  three  phases 

( 1 )  handling  qualities,  (2)  jettison  envelope  monitor/witness  and  verification,  and 
(3)  the  HSS  qualitative  evaluation.  Handling  qualities  were  evaluated  during  forward 
flight,  sideward  and  rearward  flight,  maneuvering  flight,  and  autorotational  entries. 
Static  and  dynamic  stability  and  controllability  tests  were  performed.  Jettison  tests, 
conducted  by  the  contractor,  were  monitored  and  then  verified  with  additional 
jettisons  by  test  team  personnel  from  USAASTA.  The  HSS  was  qualitatively 
evaluated  during  7.62mm  and  40mm  weapon  system  firing.  The  handling  qualities 
of  the  AH-1Q  were  found  to  be  essentially  the  same  as  the  AH-IG  helicopter, 
and  wing  stores  could  be  safely  jettisoned  within  the  operating  envelope  of  the 
helicopter.  No  deficiencies  and  seven  shortcomings  were  noted.  The  shortcomings 
were  ( 1 )  undamped  lateral-directional  oscillations  with  the  stability  and  control 
augmentation  system  (SCAS)  OFF  at  130  knots  calibrated  airspeed  (KCAS), 

(2)  excessive  four-,  eight-,  and  ten-per-rotor-revolution  (4/rev,  8/rev,  and  10/rev) 
vertical  vibrations  during  symmetrical  pull-ups,  (3)  inability  of  the  helmet 
sight/M 28A1  system  to  provide  adequate  range  and  airspeed  compensation  for  the 
40mm  weapon  system,  (4)  intermittent  reticle  operation  of  the  pilot's  HSS. 

(5)  uncomfortable  orientation  of  the  gunner's  weapons-firing  control  handgrip. 

(6)  canted  orientation  of  the  pilot  and  gunner  sight  reticles,  and  (7)  poor  design 
of  the  turret  action  switch  and  trigger  guard  assembly.  Seven  conditions  were  noted 
that  fail  to  satisfy  the  requirements  of  the  military  specification,  MIL-H-8501A. 
The  ship's  airspeed  system  position  error  characteristics  should  be  incorporated 
in  the  operator's  manual.  The  HSS  boresighting  procedure  should  be  improved  prior 
to  operational  use. 


HANDLING  QUALITIES 
Control  Sytem  Characteristics 

‘L  Control  system  characteristics  were  evaluated  on  the  ground  with  the  engine 
and  rotor  secured,  and  electrical  and  hydraulic  power  furnished  by  external  sources. 
Control  forces  were  measured  on  the  pilot  flight  controls  (aft  cockpit).  Breakout 
forces,  including  friction,  were  determined  by  recording  the  forces  required  to 
obtain  initial  movement  of  the  control  position  indicators.  The  cyclic  control 
pattern  is  presented  in  figure  I,  appendix  F.  Control  system  forces,  as  a  function 
of  control  position,  are  presented  in  figures  2  through  5.  The  results  of  the  control 
system  evaluation  are  summarized  in  table  2.  Control  system  forces  were 
determined  to  be  essentially  the  same  as  those  of  a  production  AH-IG  helicopter. 
The  longitudinal,  collective,  and  directional  control  system  forces,  as  shown  in 
tabic  2,  did  not  satisfy  the  requirements  of  paragraphs  3.2.6,  3.3.11,  3.3.13,  and 
3.4.2  of  MIL-H-8501A  (ref  5,  app  A)  but  were  not  objectionable  during  flight. 
The  control  system  characteristics  evaluated  are  satisfactory  for  the  anticipated 
TOW  mission. 
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Table  2.  Control  System  Characteristics. 


Test 

MIL-H-8501 A  Requirements 

Test 

Results 

Max lmum  Min imum 

Longitudinal 

cyclic 

Breakout  force 
including  friction 

1.5  lb 

0.5  lb 

1.5  lb 

Gradient 

2.0  lb/in. 

0.5  lb/in. 

2.0  lb/in. 

Full  throw  (fwd) 

8.0  lb 

NA 

11.5  lb1 

Full  throw  (aft) 

8.0  lb 

NA 

10.5  lb1 

Lateral 

cyclic 

Breakout  force, 
including  friction 

1.5  lb 

0.5  lb 

1.5  lb 

Gradient 

2.0  lb/in. 

0.5  lb/in. 

1.7  lb/in. 

Full  throw  (right) 

7.0  lb 

NA 

8.0  lb1 

Full  throw  (left) 

7.0  lb 

NA 

8.5  lb1 

Collective 

Breakout  force 
including  friction 

3.0  lb 

1.0  lb 

4.0  lb1 *2 

Full  throw 

7.0  lb 

NA 

12.0  lb1  I 

Directional 

Breakout  force 
including  friction 

7.0  lb 

3.0  lb 

2.0  lb1 

Gradient 

NA 

NA 

10.0  lb/in. 

Full  throw  (right) 

15.0  lb 

NA 

20.0  lb1 

Full  throw  (left) 

15.0  lb 

NA 

30.0  lb1 

'Failed  to  satisfy  the  requirements  of  the  military  specification, 
MIL-H-8501  A. 

"Adjustable  friction:  zero. 


Sideward,  Rearward,  and  Slow-Spced  Forward  Flight  Ch«rgctgrirtjc« 


10.  Control  margins  and  handling  qualities  for  in-ground-effect  (IGE)  hover  were 
evaluated  from  28  knots  true  airspeed  (KTAS)  in  reaiMvard  flight  to  33  KTAS 
in  forward  flight  and  to  30  KTAS  in  left  and  right  sideward  flight.  Airspeeds  for 
the  conditions  shown  in  table  I  were  determined  by  using  a  calibrated  ground 
pace  vehicle.  The  results  of  these  tests  are  presented  in  figures  6  and  7, 
appendix  F.  Qualitative  evaluation  of  critical  wind  azimuth  revealed  control  margins 
similar  to  an  AH-IG  helicopter  equipped  with  a  tractor  tail  rotor. 

11.  A  neutral  lateral  control  gradient  position  was  noted  between  5  and  28  KTAS 
in  left  sideward  flight  (fig.  6,  app  F).  This  characteristic  did  not  degrade  the  pilot's 
ability  to  stabilize  at  these  airspeeds  (HQRS  3).  From  5  KTAS  in  left  sideward 
flight  to  32  KTAS  in  right  sideward  flight,  the  control  position  changes  were  linear 
with  lateral  control  displacement  required  in  the  direction  of  flight.  Right  pedal 
displacement  was  required  for  left  sideward  flight  and  left  pedal  for  right  sideward 
flight  except  near  hover  and  above  12  KTAS  in  right  sideward  flight,  where  no 
additional  directional  control  displacements  were  required.  The  neutral  directional 
control  position  characteristics  were  not  noticeable,  or  objectionable  to  the  pilot 
during  the  left  sideward  flight  maneuver  and  only  minimal  compensation  was 
required  to  stabilize  at  a  desired  airspeed  (HQRS  3).  During  right  sideward  flight 
above  12  KTAS,  a  minimum  of  12  percent  of  left  directional  control  remained. 
Longitudinal  control  position  changes  from  hover  did  not  exceed  6  percent 
(0.6  inch)  and  presented  no  control  problem.  Within  the  scope  of  this  test,  the 
control  position  characteristics  in  sideward  flight  are  similar  to  an  AH-IG  helicopter 
equipped  with  a  tractor  tail  rotor. 

12.  Rearward  and  slow-speed  forward  flight  test  results,  as  shown  in  figure  7. 
appendix  F,  indicate  that  the  longitudinal  control  position  changes  with  airspeed 
were  stable  (aft  control  displacement  to  increase  rearward  airspeed)  except  above 
17  KTAS  in  rearward  flight  where  a  control  position  reversal  occurred.  Also, 
between  2  to  1 1  KTAS  in  forward  flight,  neutral  control  position  requirements 
were  noted.  These  longitudinal  control  position  characteristics  did  not  degrade  the 
pilot's  ability  to  stabilize  at  these  speeds  (HQRS  3).  Lateral  control  position 
changes  from  hover  did  not  exceed  1 1  percent  (0.9  inch).  The  magnitude  of  the 
directional  control  position  change  from  hover  to  28  KTAS  in  rearward  and 
33  KTAS  in  forward  velocities  did  not  exceed  28  percent  (1.4  inch).  For  each 
control  axis,  adequate  control  margins  were  available  throughout  the  airspeed  range 
tested.  Within  the  scope  of  this  test,  the  sideward  and  rearward  flight  characteristics 
are  satisfactory  for  the  anticipated  TOW  mission. 

Control  Positions  in  Trimmed  Forward  Flight 

13.  Control  positions  in  trimmed  forward  flight  were  evaluated  from  42  to 
167  KCAS  with  the  SCAS  ON.  Tests  were  conducted  at  the  conditions  shown 
in  table  I .  The  results  of  the  test  are  presented  in  figure  8,  appendix  F. 
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14.  The  longitudinal  control  trim  positions  from  42  to  125  KCAS  were  essentially 
linear  with  increasing  forward  displacement  required  with  increasing  airspeed.  From 
125  to  167  KCAS  in  diving  flight,  a  slight  reduction  in  the  forward  longitudinal 
control  position  requirements  with  airspeed  occurred,  but  it  was  not  noticeable 
to  the  pilot. 

Collective-Fixed  Static  Longitudinal  Stability 

15.  The  static  longitudinal  stability  characteristics  were  evaluated  at  trim  airspeeds 
of  62  and  132  KCAS  for  the  conditions  shown  in  table  1.  The  helicopter  was 
trimmed  in  steady-heading,  ball-centered  flight  at  the  desired  trim  airspeed.  Then, 
with  the  collective  control  held  fixed,  the  aircraft  was  stabilized  at  incremental 
speeds  greater  and  less  than  the  trim  speed.  The  test  results  arc  presented  in 
figure  9,  appendix  F. 

16.  The  static  longitudinal  stability,  as  indicated  by  the  variation  of  longitudinal 
control  position  with  airspeed,  was  stable  (forward  control  displacement  required 
to  maintain  an  increased  airspeed  and  aft  displacement  to  maintain  decreased 
airspeed)  at  62  KCAS.  A  slight  reduction  in  stability  was  noted  at  the  132-KCAS 
trim  airspeed.  For  the  conditions  tested,  the  collective-fixed  static  longitudinal 
stability  characteristics  are  satisfactory  for  the  anticipated  TOW  mission. 

Static  Lateral- Directional  Stability 

17.  Static  lateral-directional  stability  characteristics  were  evaluated  at  trim 
airspeeds  of  61  and  131  KCAS  and  the  conditions  shown  in  table  I.  The  aircraft 
was  trimmed  in  wings-levcl,  ball-centered  flight  at  the  desired  airspeed.  With  the 
collective  control  fixed,  and  maintaining  a  steady-heading  flight  path  over  the 
ground  at  the  trim  airspeed,  the  aircraft  was  stabilized  at  incremental  sideslip  angles, 
right  and  left.  Test  results  are  presented  in  figures  10  and  11,  appendix  F. 

18.  Static  directional  stability,  as  indicated  by  the  variation  of  directional  control 
position  with  sideslip,  was  strongly  positive  (right  pedal  required  for  left  sideslip 
and  left  pedal  required  for  right  sideslip).  Directional  control  position  variation 
with  angle  of  sideslip  was  linear  at  both  airspeeds.  Dihedral  effect,  as  indicated 
by  the  variation  of  lateral  control  position  with  sideslip,  was  positive  (lateral  control 
displacement  in  the  direction  of  sideslip)  and  linear  at  both  airspeeds.  Side-force 
characteristics,  as  indicated  by  the  variation  of  bank  angle  with  sideslip,  were  nearly 
neutral  at  61  KCAS  and  qualitatively,  were  positive  at  131  KCAS.  For  the 
conditions  tested,  the  static  lateral-directional  characteristics  are  satisfactory  for 
the  anticipated  TOW  mission. 

Dynamic  Stability 

19.  The  longitudinal  and  lateral-directional  dynamic  stability  characteristics  were 
evaluated  in  forward  flight  at  airspeeds  of  97  and  130  KCAS  with  SCAS  ON  and 
OFF  at  the  conditions  listed  in  table  I.  Short-period  oscillations  (simulating  gust 
response)  were  evaluated  by  rapidly  displacing  the  desired  control  1  inch  from 
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trim  for  a  duration  of  0.5  second,  and  then  returning  the  control  to  the  trim 
position.  The  lateral-directional  oscillations  were  evaluated  by  releasing  the 
helicopter  from  steady-heading  s'leslips  and  by  pulsing  the  pedals  (control 
doublets).  The  long-period  characteristics  were  evaluated  by  slowing  the  helicopter, 
with  aft  cyclic  control,  to  an  airspeed  15  knots  below  trim  and  then  returning 
the  controls  to  the  trim  position.  Time  histories  of  representative  dynamic  response 
characteristics  arc  presented  in  figures  12  through  17,  appendix  F. 

20.  The  short-period  oscillations  of  the  helicopter,  SCAS  ON,  were  similar  for 
all  test  conditions  and  were  essentially  deadbeat  in  all  axes.  With  SCAS  OFF,  roll 
coupling  was  noted  following  the  aft  longitudinal  pulse,  which  caused  the  aircraft 
to  roll  right.  This  condition  did  not  cause  the  pilot  any  control  problems. 
Oscillations  in  the  yaw  axis  appeared  to  be  damped. 

21.  The  long-term  aircraft  response  characteristics  in  the  longitudinal  axis  were 
evaluated  with  SCAS  ON  and  OFF  at  97  KCAS.  The  response  following  release 
from  15  knots  off  trim  was  oscillatory  and  damped  to  near  zero  in  approximately 
2  cycles  with  SCAS  ON  and  3  cycles  with  SCAS  OFF.  For  the  conditions 
investigated,  the  longitudinal  dynamic  characteristics  are  satisfactory  for  the 
anticipated  TOW  mission. 

22.  Lateral-directional  oscillations,  evaluated  with  SCAS  ON,  were  essentially  a 
yawing  motion  for  both  airspeeds.  At  97  and  130  KCAS.  SCAS  OFF,  there  was 
an  undamped  yaw-to-roll  oscillation  (3  to  I  ratio).  The  undamped  oscillations, 
SCAS  OFF,  were  objectionable  at  the  130-KCAS  airspeed  and  required  considerable 
pilot  compensation  to  stabilize  the  helicopter  (HQRS  5).  The  undamped 
lateral-directional  oscillations  at  130  KCAS,  SCAS  OFF.  are  a  shortcoming, 
correction  of  which  is  desirable.  Qualitatively,  the  lateral-directional  oscillations 
were  similar  to  the  standard  AH-1G  helicopter.  The  effect  of  the  undamped 
lateral-directional  oscillations  on  the  TOW  mission  should  be  evaluated  during 
follow-on  testing. 

Controllability 

23.  Controllability  characteristics  were  evaluated  at  97  and  130  KCAS  and  for 
out-of-ground-effect  (OGE)  hover.  Tests  were  conducted  with  SCAS  ON  at  both 
airspeeds  and  SCAS  OFF  at  97  KCAS.  The  aircraft  was  trimmed  at  the  test 
conditions  (table  I)  and  single-axis,  control  step  inputs  were  applied  to  the 
longitudinal,  lateral,  and  directional  controls,  using  a  mechanical  fixture  to  obtain 
the  desired  control  displacement  during  the  input.  Helicopter  responses  were 
recorded  until  recovery  was  initiated  by  the  pilot.  Test  results  are  presented  in 
figures  18  through  23,  appendix  F. 

24.  There  were  no  objectionable  or  excessive  delays  in  the  development  of  angular 
velocity  in  response  to  longitudinal,  lateral,  or  directional  control  displacements. 
Angular  accelerations  were  in  the  proper  direction  within  0.2  second  after  control 
displacements.  In  comparison  with  the  standard  AH-1G  helicopter,  controllability 
results  were  essentially  unchanged. 


25.  The  maximum  longitudinal  response  (maximum  rate  per  inch  of  control 
displacement),  SC  AS  ON,  occurred  1.0  second  after  the  control  input.  Pitch  rates 
were  6  degrees  per  second  (deg/sec),  nose  down  and  nose  up,  with  fore  and  aft 
1-inch  inputs.  Maximum  responses  with  SCAS  OFF  were  slightly  higher  and 
occurred  at  1.1  seconds  after  the  input.  Helicopter  longitudinal  sensitivity 
(maximum  angular  acceleration  per  inch  of  control  displacement)  with  SCAS  ON 
occurred  0.2  second  after  initiation  of  control  input  (figs.  18  and  19,  app  F)and 
resulted  in  a  1 2-degrec/second/second  (deg/scc2)  nose-down  acceleration  and  a 
1 0-  to  1 5-deg/sec2  nose-up  acceleration.  Slightly  smaller  accelerations  appeared 
with  SCAS  OFF.  Maximum  roll  response  for  a  1-inch  input  was  19  deg/sec,  left, 
and  20  deg/sec,  right,  at  1.0  second  with  SCAS  ON  (figs.  20  and  21).  Maximum 
roll  acceleration,  lateral  sensitivity,  was  32  dcg/sec2,  left,  and  28  deg/sec2,  right, 
after  0.3  second.  SCAS  OFF  roll  response  was  similar  to  SCAS  ON,  and  lateral 
sensitivity  had  a  slightly  smaller  acceleration.  Maximum  directional  response  (yaw 
rates)  occurred  at  1.4  seconds  in  an  OGE  hover  and  at  0.8  second  in  forward 
flight.  The  maximum  yaw  rates  for  a  l-inch  step  input  were  30  dcg/sec  to  the 
right,  OGE,  and  13  deg/scc,  left,  and  16  deg/scc,  right,  in  forward  flight. 
Directional  sensitivity  (accelerations)  peaked  at  0.2  second  for  forward  flight,  and 
were  30  dcg/sec2,  left  and  right.  There  were  no  appreciable  differences  between 
SCAS  ON  and  SCAS  OFF.  For  the  conditions  investigated,  the  controllability 
characteristics  were  satisfactory  for  the  anticipated  TOW  mission. 

Maneuvering  Stability 

26.  Maneuvering  stability  characteristics  were  evaluated  at  the  conditions  shown 
in  table  I  with  SCAS  ON.  The  variation  of  longitudinal  control  position  and 
control  force  with  normal  acceleration  was  determined  by  trimming  the  aircraft 
in  coordinated  level  flight  at  113  KCAS  and  then  stabilizing  the  aircraft  at 
incremental  bank  angles  in  steady  turns,  both  left  and  right.  Collective  control 
(power)  and  airspeed  were  held  constant,  and  the  helicopter  was  allowed  to  descend 
during  the  maneuver.  Data  were  recorded  at  each  stabilized  bank  angle.  The  results 
of  the  maneuvering  stability  evaluation  are  presented  in  figure  24,  appendix  F. 

27.  The  variation  of  longitudinal  control  position  with  normal  acceleration 
(stick-fixed  stability)  was  positive  and  essentially  linear  at  all  trim  airspeeds.  The 
longitudinal  control  position  gradient  was  approximately  3.6  inches  per  g.  The 
variation  of  longitudinal  control  force  with  normal  acceleration  (stick-free  stability) 
was  qualitatively  evaluated  as  being  positive  and  linear.  The  longitudinal  control 
force  gradient  was  approximately  7  pounds  per  g  for  all  airspeeds  tested.  For  the 
conditions  investigated,  the  variation  of  longitudinal  control  position  and  force  with 
airspeed  is  satisfactory  for  the  anticipated  TOW  mission. 

Simulated  Engine  Failure  Characteristics 

28.  The  response  of  the  helicopter  to  a  sudden  engine  failure  was  evaluated  in 
climbs,  powered  descents,  and  in  forward  level  flight  for  the  conditions  shown 
in  table  1.  Engine  failure  was  simulated  by  rapidly  rolling  the  throttle  control 
to  the  flight-idle  position.  Flight  controls  were  held  fixed  either  for  2  seconds 
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following  Ihe  simulated  power  loss,  until  the  minimum  transient  rotor  speed 
(250  rpm)  occurred,  or  until  the  pilot  deemed  recovery  necessary.  Representative 
time  histories  of  aircraft  response  and  recovery  are  shown  in  figures  25  through  27, 
appendix  f;.  Test  results  are  presented  in  table  3. 


Table  3.  Simulated  Engine  Test  Results.1 


Flight 

Condition 

Entry 

Calibrated 

Airspeed 

<kt) 

Entry 

Torque 

(pal) 

Collective 
Control 
Delay  Time 
(sec) 

Time  to 
Roll 

10  Degrees 
(sec) 

Rotor  Speed 
Decay  Rate 
(rpm/sec) 

Level 

flight 

66 

19 

2.3 

NA2 

23 

Level 

flight3 

65 

19 

2.3 

2.7 

18  j 

Level 

flight 

106 

41 

2.8 

NA2 

26 

Level 

flight 

119 

48 

1.5 

-1.4 

28 

Level 

flight3 

119 

47 

1.4 

*1.3 

23 

Climb 

75 

35 

2.5 

2.5 

26  ! 

Climb 

70 

46 

2.5 

NA2 

26 

Climb3 

62 

49 

2.5 

NA2 

35 

Dive 

131 

35 

3.9 

41 .6 

28 

Dive3 

131 

35 

1.5 

41 .5 

25 

Dive 

131 

42 

2.2 

41 .9 

27 

JSCAS  ON  unless  noted. 

Rotor  speed:  324  rpm. 

Condition  was  not  reached. 

3SCAS  OFF. 

4Exceeded  the  requirements  of  the  military  specification, 
MIL-H-8501A. 
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29.  Aircraft  responses  following  a  simulated  sudden  engine  failure  in  level  flight 
up  to  100  KCAS  were  a  relatively  mild  left  yaw  and  roll.  An  abrupt  left  roll 
occurred  during  the  131-KCAS  dive  throttle  chop.  Rotor  speed  decay  averaged 
approximately  26  rpm/sec  for  all  tests,  except  for  a  SCAS  OFF  high  power  climb 
where  the  decay  rate  was  35  rpm/sec.  The  2-second  delay  requirement  of 
MIL-H-8501 A  could  not  be  attained  in  high-power  level  flight  at  119  KCAS  or 
in  a  powered  dive,  SCAS  OFF,  at  131  KCAS  due  to  the  roll  attitude  attained. 
The  abrupt  roll  following  power  loss  provided  an  immediate  cue  which  was 
detectable  before  rotor  speed  had  approached  the  minimum  rpm.  The  limit  of 
10  degrees  of  attitude  change  in  2  seconds  in  pitch,  roll,  or  yaw  attitude  of 
paragraph  3.5.5. 1  of  MIL-H-8501A  was  exceeded  only  in  roll  but  adequate  lateral 
control  was  available  for  recovery.  Table  3  shows  those  test  results  which  exceeded 
the  specification  limit.  Within  the  scope  of  this  test,  aircraft  response  characteristics 
following  simulated  sudden  engine  failures  are  similar  to  a  standard  AH-1G  and 
are  satisfactory  for  the  anticipated  TOW  mission. 


MISCELLANEOUS 


Weight  and  Balance 

30.  The  aircraft  weight  and  longitudinal  eg  were  determined  prior  to  testing.  The 
basic  aircraft  weight,  including  instrumentation,  was  6341  pounds  with  the  eg 
located  at  fuselage  station  (FS)  200.9  (aft).  The  instrumentation  was  estimated 
to  weigh  472  pounds.  The  resulting  aircraft  basic  weight  was  calculated  to  be 
5869  pounds  with  a  eg  at  FS  202.5  (aft).  The  aircraft  weight  breakdown  is 
presented  in  table  4. 


Table  4.  Test  Helicopter  Weight  and  Balance. 


Item 

Weight 

(lb) 

Fuselage  Station 
(in.) 

Basic  aircraft 

5869 

202.5 

Aircraft  with 

test  instrumentation 

6341 

200.9 

Two  TOW  missile  launchers 
with  missiles  (outboard) 

632 

201.2 

Two  XM200  rocket  launchers 
with  19  10-pound  warhead 
rockets  (inboard) 

1058 

196.1 

Pilot  with  parachute 

247 

136.0 

Gunner  with  parachute 

215 

85.0 

Fuel 

1050 

203.6 

Total  at  engine  start 


9553 


196.3 


31.  The  external  stores  configuration  consisted  of  an  XM200  launcher  mounted 
on  each  inboard  wing  stores  station  and  two  mock-up  TOW  missile  launchers 
mounted  on  each  outboard  wing  stores  station.  Nineteen  (10-pound  warhead)  inert 
rockets  were  loaded  in  each  XM200.  Each  TOW  launcher  was  loaded  with  two 
inert  handling  rounds.  A  handling  round  consists  of  a  capped,  empty  TOW  launcher 
tube  ballasted  to  simulate  the  TOW  missile. 

32.  During  testing,  the  aircraft  was  loaded  to  an  anticipated  mission  loading. 
Nominal  eg  was  FS  197.2.  Anticipated  eg  variation  through  normal  expenditure 
of  stores  is  from  FS  196.6  to  FS  198.0.  Appendix  C  contains  a  comparison  of 
the  weight  and  balance  for  an  AH-1G  and  an  AH- IQ.  The  takeoff  gross  weight 
and  eg  of  an  AH-1Q  in  the  mission  configuration  is  included. 

Vibration  Characteriatica 

33.  Vibration  data  were  gathered  during  symmetrical  pull-ups  at  130,  135,  and 
141  KCAS.  The  eg  normal  acceleration  (FS  196.7)  vibration  sensor  data  were  used 
to  analyze  the  vertical  eg  vibration  levels.  The  vibration  characteristics  are  presented 
in  figures  28  through  30,  appendix  F,  for  frequencies  from  zero  to  510  hertz  (Hz). 

34.  The  vibration  data  were  primarily  harmonic  in  nature,  with  the  main  rotor 
being  the  primary  vibration  source.  The  highest  vibration  levels  (0.6 lg)  occurred 
at  43.2  Hz  (8/rcv)  and  were  recorded  dunng  a  1.45-g  symmetrical  pull-up  at 
1 35  KCAS.  This  acceleration  was  considered  the  most  severe  condition.  Although 
the  vibration  limits  of  M1L-H-8501A  do  not  apply  to  the  eg  location,  similar 
vibration  levels  were  experienced  in  the  cockpit.  High  vibration  levels  also  occurred 
at  the  4/rev  and  10/rev  frequencies.  These  high  amplitudes  caused  discomfort  to 
the  crew.  The  effect  of  the  vibration  characteristics  on  the  TOW  mission  should 
be  evaluated  during  follow-on  testing.  The  excessive  4/rev,  8/rev,  and  10/rev 
vibrations  during  symmetrical  pull-up  are  a  shortcoming  which  should  be  corrected. 
Qualitatively,  the  vibration  characteristics  of  the  AH-1Q  helicopter  were  similar 
to  a  standard  AH-1G  helicopter. 

Airspeed  System  Calibration 

35.  The  pitot  tube  was  relocated  from  the  nose  to  the  upper  pylon  of  the  aircraft 
(para  2,  app  B).  An  airspeed  calibration  was  conducted  at  the  conditions  shown 
in  tabic  1  to  determine  the  new  position  error  of  the  ship's  airspeed  system.  Trailing 
bomb  and  radar  tracking  methods  were  used  to  calibrate  the  ship’s  airspeed  system 
in  level  flight,  dive,  climb,  and  autorotation.  The  effects  of  sideslip  in  level  flight 
and  autorotation  were  also  evaluated.  The  results  of  these  tests  are  presented  in 
figure  31,  appendix  F. 

36.  At  40  knots  indicated  airspeed  (KIAS)  in  level  flight  and  autorotation,  the 
position  error  was  +3.0  knots.  As  the  airspeed  increased  to  122  KIAS,  the  position 
error  decreased  to  zero  and  then  crossed  over  to  a  negative  position  error.  At 
I7(>  KIAS  in  a  dive,  the  position  error  was  -5.5  knots.  In  climb,  the  position  error 
was  -14.5  knots  at  60  KIAS,  decreasing  gradually  to -5.5  knots  at  110  KIAS.  The 
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position  error  in  sideslips  of  ±  10  degrees  at  70,  90,  and  1 10  K1AS  did  not  differ 
from  the  position  error  of  wings-lcvel,  ball-centered  flight.  The  relocation  of  the 
pitot  tube  has  changed  the  AH-1Q  helicopter  position  error.  The  airspeed  position 
error  in  the  AH- IQ  is  suitable  for  operational  use  and  should  be  incorporated  in 
the  operator's  manual;  however,  a  reduction  in  the  position  error  in  climb  is 
desirable  for  improved  operational  use. 

Jettison  Envelope 

37.  Jettison  testing  was  conducted  by  the  contractor  to  demonstrate  a  safe  jettison 
envelope.  The  AH-1G  helicopter  flight  envelope,  as  modified  by  the  safety-of-flight 
release  (refs  6  through  8,  app  A),  was  used.  Jettison  tests  performed  by  the 
contractor  were  monitored  by  USAASTA.  The  USAASTA  conducted  two 
verification  jettisons:  one  at  1 70  KCAS,  in  a  dive,  with  two  TOW  launchers  loaded; 
and  one  at  120  KCAS,  in  autorotation,  with  two  TOW  launchers  empty. 
Five-degree,  or  greater,  right  sideslip  was  used  during  each  drop.  The  contractor 
tests  were  conducted  at  the  flight  condition  shown  in  table  5.  A  one-half  ball 
out  or  greater  right  sideslip  was  used  for  all  drops.  A  special  jettison  circuit  was 
installed  by  the  contractor  to  provide  an  asymmetric  jettiso*.  capability  (right  wing 
outboard  or  inboard  stores  only)  during  the  envelope  demonstration  and  verification 
testing.  High-speed  motion  picture  camera  and  video  tape  camera  data  (app  D) 
were  obtained  to  verify  that  adequate  clearance  existed  during  each  drop.  Data 
were  also  recorded  by  similar  cameras  on  board  a  chase  helicopter. 

38.  The  film  data  showed  a  minimum  clearance  of  approximately  6  inches  for 
all  TOW  launcher  drops.  The  contractor  also  satisfactorily  demonstrated  that  the 
XM200  rocket  launcher  could  be  jettisoned  from  the  modified  outboard  wing  stores 
station.  The  XM158A1  and  the  XM200  rocket  launchers  were  satisfactorily 
jettisoned  from  the  right  inboard  wing  stores  station  with  one  TOW  launcher 
outboard.  When  two  TOW  launchers  are  installed,  a  salvo  jettison  circuit  is 
automatically  activated  because  of  the  inadequate  clearance  to  jettison  inboard 
stores  in  this  configuration  (para  3,  app  B).  The  salvo  circuit  was  not  evaluated. 
From  the  conditions  investigated,  it  appears  that  external  wing  stores  can  be  safely 
jettisoned  from  the  AH- IQ  helicopter  within  the  established  operating  envelope 
without  causing  structural  damage  or  endangering  the  crew. 
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Table  5.  Contractor  Jettison  Conditions. 


Test  Point 

Wing  Stores  Jettisoned 

Flight 

Condition 

Indicated 

Airspeed 

(kt) 

Contractor-Obtained 
Sideslip  Data 
(deg) 

Outboard 

Launchers 1 

Loading2 

Dive 

170 

9.1 

Two  TOW 

Full 

Autorotation 

120 

15.9 

Two  TOW 

Full 

Dive 

170 

5.3 

Two  TOW 

Critical 

Autorotation 

120 

9.2 

Two  TOW 

Critical 

Dive 

170 

7.9 

Two  TOW 

Empty 

Autorotation 

120 

2.6 

Two  TOW 

Empty 

Dive 

150 

14.5 

One  TOW 

Empty 

Dive 

170 

Unknown 3 

One  TOW 

Full 

Dive 

170 

4.0 

One  TOW 

Critical 

Dive 

170 

Unknown  * 

One  TOW 

Empty 

Autorotation 

120 

7.9 

One  TOW 

Full 

Autorotation 

120 

Unknown 3 

One  TOW 

Critical 

Autorotation 

120 

2.6 

One  TOW 

Empty 

Autorotation 

120 

5.5 

XM200 

Empty 

Flight 

Condition 

Indicated 

Airspeed 

(kt) 

Contractor-Obtained 
Sideslip  Data 
(deg) 

Inboard 

Launcher4 

Loading2 

Dive 

170 

Unknown 3 

XM200 

Empty 

Dive 

170 

5.5 

XM200 

Critical 

Dive 

170 

8.2 

XM158A1 

Empty 

1  Empty  XM200  loaded  inboard. 

2Critical  loading:  Launcher  loaded  such  that  the  center  of  thrust 
from  the  forced  ejection  system  does  not  pass  through  the  center 
of  mass,  causing  the  launcher  to  spin,  after  ejection,  toward  the 
aircraft  or  other  wing  stores. 

3 Indicates  instrumentation  failure  of  angle-of-sideslip  readout. 

4Empty  TOW  loaded  outboard. 
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Helmet  Sight  Sub»y«tcm  Evaluation 


39.  The  HSS  was  qualitatively  evaluated  by  firing  the  7.62mm  and  the  40mm 
weapons  at  various  ranges,  estimated  300  to  1300  meters.  Altitudes  of  400  to 
1000  feet  above  ground  level  were  used  during  the  testing.  Takeoff  conditions 
were  as  shown  in  table  1 .  Prior  to  the  evaluation,  the  HSS  boresighting  was  checked. 

The  ship's  system  range  compensator  (range  adjustment  control  500,  1000, 
and  1500  meters)  was  used  for  both  weapons.  TTie  effectiveness  of  the  range 
compensator  was  determined  by  firing  from  known  distances  and  observing  round 
impacts  with  respect  to  the  target.  The  capability  of  the  pilot  or  gunner  to  track 
and  effectively  fire  on  randomly  selected  targets  was  determined  while  the 
helicopter  was  being  maneuvered  by  the  pilot. 

40.  With  the  range  compensator  set  at  1000  meters,  the  pilot  and  gunner  could 

effectively  engage  targets  with  the  7.62mm  weapon  by  placing  initial  bursts  on 
target.  Conversely,  neither  the  pilot  nor  the  gunner  could  adequately  place  initial 
fire  on  the  target  or  adjust  firing  with  the  40mm  weapon,  even  with  considerable 
crewmember  compensation.  When  firing  from  ranges  of  500  meters  or  less  and 
with  turret  azimuths  of  30  to  60  degrees,  target  misses  of  70  to  100  meters 
(estimated)  in  the  direction  of  flight  were  common.  The  inability  of  the  helmet 
sight/XM28Al  system  to  provide  adequate  range  and  speed  compensation  for  the 
40mm  weapon  is  a  shortcoming,  for  which  correction  is  desirable.  < 

41.  The  HSS  was  worn  during  three  flights,  totaling  3  hours  of  operation.  No 
discomfort  was  noted  by  either  crewmember,  as  a  result  of  the  helmet  sight  link 
(photos  B-14  and  B-15,  app  B)  being  attached  to  the  helmet  or  from  the  increased 
helmet  weight.  Both  pilot  and  gunner  were  initially  aware  that  the  link  arm  was 
connected,  but  were  not  conscious  of  it  during  the  firing.  There  was  no  apparent 
degradation  of  pilot  flight  performance  due  to  the  system.  However,  there  was 
a  noticeable  increase  in  pilot  workload  due  to  the  requirement  to  track  a  target 
and  continue  to  fly  the  helicopter.  The  additional  effort  was  created  by  the 
requirement  for  the  pilot  to  move  his  head,  rather  than  just  his  eyes,  to  position 
the  helmet  sight  on  the  target.  Normal  procedure  was  to  position  the  helmet  sight 
straight  ahead,  depress  the  action  switch,  and  then  move  both  the  turret  and  helmet 
sight  to  the  target  line.  This  procedure  was  followed  to  prevent  the  turret  from 
being  damaged  by  large,  rapid  movements.  This  procedure  can  possibly  be  modified 
after  more  experience  is  obtained  on  the  effect  of  rapid  movements  on  the  turret, 
fare  was  also  exercised  by  the  pilot  so  as  not  to  move  his  helmet  rapidly  back 
and  forth  from  the  target  line  to  the  cockpit  to  check  the  instruments. 

42.  During  the  evaluation,  the  reticle  in  the  pilot  HSS  operated  intermittently 
and  both  the  pilot  and  gunner  reticles  were  canted  with  respect  to  the  vertical 
and  horizontal  axes.  The  intermittent  operation  of  the  pilot  helmet  sight  reticle 
and  the  canted  orientation  of  both  helmet  sigh  reticles  arc  shortcomings,  correction 
of  which  arc  desired. 

43  A  handgrip,  similar  to  the  cyclic  control  grip,  was  provided  in  the  gunner's 
cockpit  to  simulate  the  TOW  sight  left  handgrip.  The  HSS  turret  action  switch. 


IS 


trigger,  and  guard  assembly  were  located  on  this  handgrip.  The  position  of  the 
handgrip  was  uncomfortable  to  the  gunner  due  to  its  orientation.  The 
uncomfortable  orientation  of  the  gunner's  left  handgrip  is  a  shortcoming,  for  which 
correction  is  desirable.  Repeated  difficulty  was  experienced  in  raising  the  safety 
cover  and  engaging  the  action  and  firing  switches.  The  poor  design  of  the  turret 
action  switch  and  trigger  guard  assembly  is  a  shortcoming,  correction  of  which 
is  desirable. 

44.  It  was  noted  that  during  the  contractor's  preparation  for  the  HSS  qualification 
testing,  considerable  effort  was  required  to  borcsight  the  helmet  sight/M28Al 
system.  A  simplified  boresighting  system  should  be  incorporated  for  use  by 
operational  units.  Within  the  scope  of  the  evaluation,  the  HSS  is  acceptable  for 
ICAS  development  testing. 


CONCLUSIONS 


GENERAL 

45.  The  following  general  conclusions  were  reached  upon  completion  of  testing: 

a.  The  handling  qualities  and  vibration  characteristics  of  the  AH-1Q  are 
similar  to  a  standard  AH-1G  helicopter  with  tractor  tail  roto:. 

b.  The  relocation  of  the  pitot  tube  has  changed  th<*  ship's  airspeed  position 
error  from  the  basic  AH-1G  (para  36). 

c.  Jettison  of  the  wing  stores  can  be  safely  accomplished  within  the 
operating  envelope  of  the  AH-1Q  helicopter  (para  38). 

d.  The  helmet  sight  subsystem  is  acceptable  for  further  ICAS  development 
testing  (para  44). 

e.  No  deficiencies  and  seven  shortcomings  were  identified  during  the 
evaluation. 


SHORTCOMINGS  AFFECTING  MISSION  ACCOMPLISHMENT 
46.  Correction  of  the  following  shortcomings  is  desirable: 

a.  Undamped  lateral-directional  oscillations  with  SCAS  OFF  at  130  KCAS 
(para  22). 

b.  Excessive  4/rev,  8/rcv,  and  10/rev  vertical  vibrations  during  symmetrical 
pull-ups  (para  34). 

e.  Inability  of  the  helmet  sight/M28Al  system  to  provide  adequate  range 
and  speed  compensation  for  the  40mm  weapon  system  (para  40). 

d.  Intermittent  operation  of  the  pilot  helmet  sight  reticle  (para  42). 

e.  Improper  orientation  of  the  pilot  and  gunner  sight  reticles  (para  42). 

f.  Uncomfortable  orientation  of  the  gunner's  left  handgrip  (para  43). 

g.  Poor  design  of  the  turret  grip  action  switch  and  trigger  guard  assembly 
(para  43). 


II 


SPECIFICATION  COMPLIANCE 


47.  Within  the  scope  of  this  test,  the  AH-1Q  helicopter  failed  to  meet  the 
requirements  of  the  military  specification,  MIL-H-8501A,  as  listed  below.  In  areas 
where  data  were  available  for  comparison,  the  ICAS  specification  compliance  is 
similar  to  the  AH-1G  with  the  tractor  tail  rotor. 

a.  Paragraph  3.2.6  -  Longitudinal  control  full  throw  forces  exceeded  the 
8.0-pound  limit  by  2.5  pounds  aft  (31  percent)  and  3.5  pounds  forward 
(43  percent)  (para  9). 

b.  Paragraph  3.3.13  -  Lateral  control  full  throw  forces  exceeded  the 
7.0-pound  limit  by  1.0  pound,  right  (14  percent),  to  1.5  pounds,  left  (21  percent) 
(para  9). 

c.  Paragraph  3.4.2  -  Collective  control  breakout  forces  exceeded  the 
3.0-pound  limit  by  1.0  pound  (33  percent)  (adjustable  friction  OFF)  (para  9). 

d.  Paragraph  3.4.2  -  Collective  control  full  throw  forces  exceeded  the 
7.0-pound  limit  by  5.0  pounds  (71  percent)  (para  9). 

c.  Paragraph  3.3.13  -  Directional  control  breakout  forces  were  below  the 
3.0-pound  minimum  limit  by  1.0  pound  (33  percent)  (para  9). 

f.  Paragraph  3.3.11  -  Directional  control  full  throw  forces  exceeded  the 
15.0-pound  limit  by  5.0  pounds,  right  (33  percent),  and  15.0  pounds,  left 
(100  percent)  (para  9). 

g.  Paragraph  3.5.5. 1  -  Roll  attitude  exceeded  10  degrees  within  2  seconds 
following  sudden  engine  failure  (para  29). 


RECOMMENDATIONS 


48.  The  shortcomings,  correction  of  which  is  desirable,  should  be  corrected  as 
soon  as  possible  (para  46). 

4‘)  The  effect  of  the  undamped  lateral-directional  oscillations  on  the  TOW  mission 
should  be  evaluated  during  follow-on  testing  (para  22). 

50.  The  effect  of  the  vibration  characteristics  on  the  TOW  mission  should  be 
evaluated  during  follow-on  testing  (para  34). 

51  The  ship's  airspeed  system  position  errors  should  be  incorporated  in  the 
operator's  manual;  however,  a  reduction  in  the  position  error  in  climb  is  desirable 
for  improved  operational  use  (para  36). 

52.  A  simplified  boresighting  system  for  the  helmet  sight/M28Al  system  should 
he  incorporated  for  use  by  operational  units  (para  44). 
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APPENDIX  B.  IMPROVED  COBRA 
ARMAMENT  SYSTEM  DESCRIPTION 

FUSELAGE 


I  The  AH- IQ  fuselage  is  a  standard  AH-1G  fuselage  with  modifications  to 
incorporate  the  TOW  missile  weapon  system  (photos  B-l  through  B-8)  All 
structure  forward  of  fuselage  station  (FS)  46.0  has  been  removed.  The  bulkhead 
at  FS  46.0  has  been  structurally  reinforced  and  an  XM26  sight  subsystem 
(telescopic  sight  unit  (TSU))  has  been  mounted  to  the  bulkhead.  The  TSU  is  a 
nose-mounted  stabilized  sight  with  a  field  of  view  ±110  degrees  in  azimuth  and 
+  10  to  -60  degrees  in  elevation.  On  the  test  aircraft,  a  mock-up  TSU  was  installed 
(photos  B-9  and  B-10).  The  tail  boom  will  be  structurally  reinforced  on  the 
production  aircraft  as  a  result  of  previous  static  firing  tests.  The  test  helicopter 
tail  boom  and  stabilizer  were  not  modified. 


PITOT  SYSTEM 

2.  The  pitot  tube  has  been  relocated  from  the  nose  (FS  21.8,  water  line 
(WL)  58.0,  buttline  (BL)  0.0)  to  the  left  forward  side  of  the  upper  pylon 
(FS  169.3,  WL  125.1.  BL  -17.4)  (photo  B-tl).  This  change  was  necessitated  by 
the  modification  of  all  structure  forward  of  FS  46. 


WING  CONFIGURATION 

3.  The  outboard  wing  stores  station  and  wing  tip  have  been  modified  to 
incorporate  a  forced  ejection  system  and  a  TOW  launcher  elevating  mechanism 
(photos  B-l  2  and  B-13).  An  automatic  elevating  mechanism  was  not  installed  on 
the  test  aircraft.  There  were  provisions  for  manual  elevation  and  depression  of 
the  TOW  launcjiers  on  the  test  helicopter  for  testing  at  several  angles  of  attack. 
A  circuit  is  installed  so  that,  in  the  eight-missile  configuration,  selection  of  either 
the  inboard  or  both  positions  on  the  jettison  selector  switch  (pilot  station)  will 
result  in  a  salvo  jettison.  The  circuit  is  automatically  activated  by  the  installation 
of  the  lower  TOW  launcher.  This  circuit  was  installed  because  there  is  insufficient 
clearance  to  jettison  inboard  wing  stores  with  two  TOW  launchers  installed  on 
the  outboard  wing  stores  station. 


TOW  CONTROL  EQUIPMENT 

4.  Equipment  installed  to  operate  the  TOW  missiles  includes:  ( I )  a  power  supply, 
sight  signal  amplifier  and  missile  command  amplifier  with  associated  racks  mounted 
in  the  tail  boom;  and  (2)  a  TOW  control  panel,  missile  status  panel,  indicator 
panel,  and  missile  hand  control  which  are  installed  in  the  gunner  cockpit.  The 
pilot  wing  stores  control  panel  is  modified  to  indicate  TOW  missile  status. 
Table  C-l,  appendix  C,  lists  weights  and  locations.  This  equipment  was  not 
installed  in  the  test  aircraft. 
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HELMET  SIGHT  SUBSYSTEM 


5.  The  HSS  consists  of  pilot  and  gunner  linkage  assemblies  (photos  B-14 
and  B-15)  to  pick  up  helmet  line  of  sight,  and  an  electronics  interface  assembly 
to  transmit  the  signals  from  the  helmet  sight  with  the  turret.  This  equipment  was 
installed  in  the  test  aircraft.  A  standard  SPH4  helmet  was  modified  by  the  addition 
of  the  helmet  sight  and  a  linkage  assembly  attaching  fixture  to  provide  target 
acquisition  and  tracking. 


TOW  MISSILE  LAUNCHERS 

6.  The  TOW  missile  launcher  consists  of  a  box  beam  with  handling  round  retainers 
on  the  forward  end  and  round  retainers/blast  deflectors  on  the  aft  end.  A  mount 
is  located  on  the  top  of  the  beam  with  two  sets  of  attachment  points.  The  inward 
attachment  points  are  equipped  with  shackles  to  suspend  the  launcher  from  a 
standard  stores  pylon.  The  outer  attachment  points  are  used  to  mate-up  two 
launchers  (maximum,  due  to  the  electrical  circuitry).  The  launchers  are  coupled 
with  two  safetied  drift  pins.  A  mount  is  located  on  the  bottom  of  the  beam  with 
a  set  of  attachment  points  to  mate  with  the  attachment  points  on  the  upper 
launcher.  Two  TOW  control  boxes  are  mounted  between  the  inboard  attachment 
points.  A  locking  arm  bridges  the  mount  on  each  side  and  arms  the  missile  when 
secured.  The  blast  deflectors  are  connected  to  the  box  beam  by  a  hinge  at  the 
bottom  and  on  a  pinned  attachment  point  at  the  top.  The  weight  of  each  launcher 
is  60  pounds. 

7.  The  TOW  missiles  are  loaded  into  the  launcher  by  pulling  the  drift  pins  at 
the  top  of  the  locking  lever  and  blast  deflector  and  allowing  them  to  rotate  down 
(photo  B-16).  An  Infantry  standard  TOW  missile  launching  tube  with  missile  is 
then  inserted  into  the  launcher.  The  blast  deflector  and  locking  arm  are  rotated 
back  into  place,  secured,  and  the  missile  is  ready  for  firing.  Each  firing  tube,  with 
missile,  weighs  51.5  pounds. 


GENERAL 


8.  Principal  dimensions  and  general  data  for  the  AH- IQ  arc  as  follows: 

Main  Rotor 

44.0  ft 
1520.5  sq  ft 
0.0651 
2 


Diameter 
Disc  area 
Solidity 

Number  of  blades 
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Blade  chord 
Blade  twist 
Airfoil  section 

Tail  Rotor 

Diameter 
Disc  area 
Solidity 

Number  of  blades 
Blade  chord 
Blade  twist 
Airfoil  section 

Fuselage 

Overall  length  (with  rotor  turning) 

Overall  height  (to  top  of  pylon) 

Overall  width 

Skid  tread 

Flevator 

Area  (total) 

Span 

Airfoil 

Vertical  Fin 

Area 

Airfoil 

Height 


27  in. 

-0.455  deg/ft 

9.33  percent 

symmetrical 

special 

8.5  ft 
56.74  sq  ft 
0.105 

2 

8.41  in. 

0.0  deg 

NACA  0010 
modified 

52  ft,  1 1  in. 

10  ft,  2  in. 

3  ft 
7  ft 

15.2  sq  ft 
6  ft,  2  in. 
Inverted  Clark  Y 

18.5  sq  ft 
Special  camber 
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5.5  ft 


Photo  B-6.  Right  Rear  View,  AH-1Q  Helicopter. 


Photo  B-7.  Right  View,  AH-1Q  Helicopter. 


Photo  &-8.  Right  Front  View,  AH-1Q  Helicopter. 


Photo  B-9.  XM26  bight  Mock-Up  and  Sideslip  Boom,  Right  Front  View. 
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APPENDIX  C.  WEIGHT  AND  BALANCE 


Table  C-1.  AH-1Q  Dry  Weight. 


.  .  H 

Item 

Weight 

(lb) 

Fuselage  Station 
(in.) 

Basic  AH-1G 

5769 

,  205.0 

Sight  assembly  (TSU) 

126 

42.0 

Amplifier  assembly  and  rack  (SCA) 

28 

331.0 

TOW  control  panel  (TCP) 

6 

64.0 

Amplifier  assembly  and  rack  (MCA) 

19 

333.0 

Control  assembly  —  hand  (SHC) 

4 

64.0  ; 

Power  supply  and  rack  (EPS) 

26 

348.0 

Missile  status  panel  assembly  (MSP) 

1 

112.0 

Indicator  assembly  (PSI) 

3 

110.0 

Linkage  assembly  (pilot) 

4 

153.0 

Linkage  assembly  (gunner) 

4 

110.0 

Electronics  interface  assembly 

19 

169.0  ; 

Extension  cable 

2 

148.0 

Miscellaneous 

(airframe,  electrical,  hydraulics) 

156 

266.0 

Helmet  modification 

1 

109.0 

Fairing  pylons 

9 

205.0 

Stores  pylons 

80 

199.0 

Basic  AH-1Q  dry  weight 

6256 

204.2 

Table  C-2.  AH-1Q  Mission  Loading  Elght-Mlsslle  Configuration. 


Item 

Weight 

(lb) 

Fuselage  Station 
(in.) 

AH-1Q  dry  weight 

6256 

204.2 

Nonexpendable  stores1 

202 

151.2 

lilot 

200 

135.0 

Gunner 

200 

83.0 

Four  TOW  missile  launchers 

240 

204.2 

Two  XH200  launchers 

278 

198.7 

Fuel  (130  gallons) 

845 

203.8 

7.62mm  ammunition  (500  rds) 
and  40mm  ammunition  (50  rds) 

76 

110.0 

Eight  TOW  missiles 

412 

199.3 

Thirty-eight  2.75  FFAR  rockets 
(10-pound  warheads) 

791 

195.0 

AH- IQ  mission  configuration 

9500 

197.2 

1  Includes  trapped  fuel,  engine  oil,  trapped  engine-transmission 
and  gearbox  oil,  pallet  ammunition  drum  (40mm),  and  ammunition 
drum  (7.62mm). 
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APPENDIX  D.  TEST  INSTRUMENTATION 


Instrumentation  was  installed  in  the  test  aircraft  by  the  Bell  Helicopter  Company 
(photos  D-l  through  D-6).  The  magnetic  tape  data  system  was  located  in  the 
ammunition  bay  for  all  testing  except  turret  firing.  During  turret  firing,  the  tape 
system  was  installed  in  pods  hung  from  the  inboard  wing  stores  sections.  Cameras 
were  installed  on  the  helicopter  tail  boom  (photo  D-6)  during  jettison  tests. 

Pilot  Panel 


Airspeed  (sensitive) 

Altitude 

Rotor  speed  (sensitive) 

Longitudinal  control  position 
Lateral  control  position 
Pedal  control  position 
Longitudinal  control  position 
Lateral  control  position 
Pedal  control  position 
Angle  of  sideslip  (boom  system) 
Ccnter-of-gravity  normal  acceleration 
Outside  air  temperature 

Magnetic  Tape 

Longitudinal  control  position 

Lateral  control  position 

Pedal  control  position 

Collective  control  position 

Pitch  attitude 

Roll  attitude 

Yaw  attitude 

Pitch  rate 

Roll  rate 

Yaw  rate 

Ccntcr-of-gravity  load  factor 
Sideslip  angle 
Throttle  position 

Camera  Equipment 

Tail  boom  high-speed  camera 
Right  toe  skidgear  high-speed  camera 
Video  tape  camera 
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Photo  D-l.  Aft  Cockpit  Auxiliary  Instrumentation  Panel 


Photo  D-2.  Forward  Cockpit:  Control  Fixture  Set  for  Longitudinal  Step  Input 


Photo  D-3 


DEMANDS  ON  THf  PILOT 


APPENDIX  F.  TEST  DATA 

INDEX 


Figure  Figure  Number 


Handling  Qualities 

Control  System  Characteristics .  1  through  5 

Sideward  and  Rearward  Flight .  6  and  7 

Control  Position  in  Trimmed  Forward  Flight .  8 

Collective-Fixed  Static  Longitudinal  Stability .  9 

Static  Lateral-Directional  Stability .  10  and  11 

Dynamic  Stability . 12  through  17 

Controllability . 18  through  23 

Maneuvering  Stability .  24 

Simulated  Engine  Failure . 25  through  27 

Miscellaneous 

Vibration  Characteristics . 28  through  30 

Airspeed  Calibration .  31 


t 


41 


■HHPiiiii 
iliililiiH 


••••■••« ■««(<  •  •  •*• *- - 
-  <  iim  -  . 

••••• •  •••• * 

m  a  ■•••••• ..........  • _ ... 

. . .  .  ft  . 

. 

- — - -  *»•••• 


•••••ft 


illiSS 


:r 


lltlllttM  I**!! 

•■••£•*••••••••  »»•••••••••• 

••••• •••*•••••■ 

•  ft  Jft 


>•  •  ••••  •  *2**  1 


Mill*  «•••■•■■•• 
•  •  •••• 


:::::: 


••■••••••ft  ••*••*••••  *••••• 


••••»• •»•»•• •  ••• 

.ftmi ••»  •  •  •  . 

,•♦..  BIS:  ini:  SittHSISHtt:;::  L!::s:t 

tttt* !•••{•*■•• !••**•!'»' ************  **S ' * 

•  i ••■«•••••» 

'  ■•••••••«< 

•• ••■«•*»••. 

•i ••••■■•■•• 

*••••■••••  *•••«•«••■•« •••••••••• 

4* ••■•••••••  . . .  HtMltMl  lUIMIM*  •••*•••••*••*•• 

'■* ••»••■••••*■»■»■■■••■■■■• aar ■  ■  ■  »r*»  a  ■  ■>•«  ---  ■ 

i  .i  d  'mi 

.  .  . . . . . . . . 

• ••••■••••• at •••••••• ••■•«••••« ••••• 

•  ••••  ■ • • • • mp ft • ft  *••••••••» •■■••••••■ 

. ft ftftfti ••••••$»• • ••■«••••(• Mftftftftftifti 

•  •■•»•• aaaa*  *4aaa  aaaa* ••••• aaaa* apaa* 

•a • a»aaa •••••■••■■»••••••••• 

_ _ _ _ ..  MllUtHi  •illlftHM  *•••»* - 

iftftfti  Miiiniil  i»«»ftt«ftii  »*••*  »•*•«  »4 44 ■»••■•  •••••• 

!•••••». l>Tft  »lrj'  ».'»•*•»  .*-■>»  »>  ft  Jft‘ftftft'  •• 

iitftftii  itiirt'i  if  ft  <Htt  -ft  •  .  »•«••-***.  ti 

Si •■•■•■■■■• ••••»■•••» fttSZi ••••{  t  ■  »•••• ••»•••••••  »■••••■••! 

- riTi - - zm  •*•••■• a 4*  »••••••*»•  •••••••••«  #  aaa  ■  ft  #  ft  ft  ft 

.  .'••••  »•  ••  • .»• •••••••••• ••••*•••••  •••••••••! 

r  *  «fti  -,L  •  •  .•»••••••  ftftaftft  bftftftft  •■•■••••••  •■••«••••• 

•  Sift*  tftftSft  aSlZi  <•*•••••••  Mftftlflftft  ft  •»•••••■  •  •  ftftftiijftftJi  !•••••••••  •••••••••• aSZSaSSa*! 

■  i  ii  •  ■•  »  *  4#  ft  #  „*  tm  i  •  <  ft  ifti  t*  i  »  •  •  i  .  x.v  (.•>*<  f  .  *•*!  .»  •  •  .»  ..  »*•••'  •••••••••! 

- -  - ft.i.iftiftiftidt  <»._••••  ■»  •  k  ••  ft  ft  •  ft*  k  -••••*•  ft-  .*.•■*•,•.•»••»•  •*  •  ■■•••••■•■a  ••••••••••  •••••••••■ 

tiiliiiiiiiiiiiiiiimiMMlMMM ^(tilift»j(ii»liftlh  ».»••■••*! S  - - - 

•  ••iMftift  •••!»  •■•••••••> 

. 

*-Hft...MNit«MNfitmnfi 


IS 


.::t::t: 


Hiffftiftftii 

■  •  •  *  •  •••! 

•  •••• 

•«••• 

•«••• 

uut 

«•••••■  •••!•*■■ 


•■••••• • •  . . 


. . .  ftftJftftXft  pi  ••••••••••  {•••••• 

•  •••••••ft* •••••••••• •*••■•••••  ••■•*•• 

••■■••••■ zSaS*isiftt  »••••••!••  ••••••• 

*•••••«••• ••••••!••• ft*!**  »•••** 

**********  **{*****{•**••••••••{ 


‘•••ft ••«•■»••••  ■ 


••■••■•■! ■ • 


•••••••• •••••••*•••*••■ ••••• •••••••••• IftiitlS 

•  ■•••••• «••••■•••••••••*•••••••••■•*••  ••••••■ 


tnni* 

IHiffi-lilHl! 


■ •••••■• ••• •• < 

• ftiftiitftttft • • i 


••■•• ••••• ft*#! 


«•■  ••*••••••• • ■  i 


'Z $••(••« ♦••x*** •••••••••• 

•••••••I *••••■•••••••••••••• •••■••• 


••ii  ii 


ifjfj •••■■•■*•■••••• ••■•••••••  ••■•■ 

litiaiftftftft • ■ •■•*•■ ftftift •••!••*••■••• 

'I** •••■•■ •■•(■«•••■ •••••••••■■■•• 

•■••■•••ft •••ii ■•••■•••••••••• •■•• 

• ••«»■■•• ■■••«•■••••••••••••■ •••• 


*  i* 
••• 


•XSftftS2SSSft|13ftS  ISft3«Sft*ft4  IftZftftfftftftS  ZaZSSilaSft  •■•■••••■^•^•••••••!  •••■•■••••  • 

i  ■•■••{§••■•  ail  i  ittaift'  « ••  •••  <•«•■•«•  •  •••!«{{•  ir.a  i .  *u  »•»••••/••««,/  ■>  •••  ■ 


•••  ■•••••••• 

•••  •••••••■! 

::: 

•••  ••••••»••••■•••••» 


a  •■ 
•  ■■ 


•  •«  iiiftafi 

iHidiii 


iii-i 

lii 

II 

mm 


•  •f««ft*  aai 


iiijiii j:!!}!!: 
■ *•■••■•••• !••■< 
• ■■••• ■ ■••■ ■ ■ ••) 


■  ISaa •••••••••••■■■•  |»{*S»«jift4««ftft**|i|ft  ••■ZiZSSSft  ••••»•••»•  iiiiiiiiii  . 

itolimsHidiui  . 


liliillilili 


mwm  iiiiiiii 

“  —  - *  •••■•••• 

•••••••• 


yliiiliiii 


•»•• •••••**••• 

•»••• ■•••• ••••« 

- - — ••••■••■■■••••ft 

- ••••  •••••»••••  ••••••■•••  MMIflMi 

•  ••••••••  •■••••fcaift •■•••••«• i •••••ift»k| 

- —  ... - »f»ft*l« ••••■••*••••• ftiftft* 


•  •Sift 

•  ••• - r 

••••••• •••••» 


.  ~ ,•■•••• •••••••••* L 

4M*ftt*l  •••••••••«■ 


•  ••! 
•  ••' 


KRHHiii 
i 

tnmiists! 


•••••• »••••••••' 

nn— jmnuMftft  ■■••■•••■j 

•  •••MkfSIl  (i«*fti»»»i  •••■iiftiii  *••••••**! 4 ••■••••••  •■•••••«••  •••••••*•! 

■  •••tliklftt  iif*ifff»i  •••••••••«  ••••••••••  •••••••••■  ••••«•••••  •••••■•••■ 

•  »•  I*  •  ii  ,1  .  tif  •••••••••••  •  ••••••••••■•■•«••■••■•••••••••••••■  ••••• 

ftft>  (ft  -  -  I  ft  4  lift,  ft  ftftftft  ft  ••••••■••■••••••••••  ••••••••■«  ••••«  ••»••  ••••■••••• 

I .  ■  •  -  .  . . . . .  . k>.(. 

....  ...  4. 

. . 

..........  .......... 

. .  •  . . ' 

. . . 

■»•  •  rw  mI.'IIioi 

. . .  .  . . . 

•  . . . . .  - 

j::| 


*i: 


Iiiiiiii  mu 

SSS  •  •••!  tStSISSRl 

••••• •••*• •••«< 


•  •••Ml  ••••■ 

•  ■•••••  ••••♦ ••  ■  ••  • 

itrratintjri:' 


<•  ft  •  I  ••••••••««  ftftftftlNIlft  •••••  ftiftftft  •••M|f»H 

•  •ft* •••••»••«• •••••••»••  •••■■•••••  •••••••••* 

•  ft • • • • ■  •••••••••*  •■••••••••  ■••■••••■■  •••••••■•■ 

•  •  | •• ••••••• I  ft Mi •••4ft»«ft«»  *•••••. .•.••■•»•••• ft 

•  iiftill  •••••»•••••. ftbft*  •••«•■•••■■  .a.  ftitxifttlft 

22::ii:  ::t::  rt:::  :j  it::::::  iilv.Um  ::tn 


issjsj 


"""jjHIjf: 

•  2ft  •  •»••»  ••••  ft  »•  •• 

. .  ••••■••••••••••••«•••■■■•«• 

•  ft  •»••••••••  . . .  •••••••••»  >ftftftftt»tUM4*4l 

. . --^ft..ft»H  •••■•• 


• • • ••••»•••■•• 

. . 

•  •••••ft.  .....»•••«  ••»• 

•  •■••••ft  •••••••••!  •••• 

•  •••••■ft  •••••  ■•••«  •• ••»••* 


•••••ft •••••••••< •*. 

_  ••*•»• *•»••••••• 

*  *•••••••••  *••••••••« 

_ T . . . 

ii« *••»•••••* ••••*••••• •• • 


. . 

‘  -  •••••••*  •fttMIfttll 

•ft • ■»•*• •••■••••■< 


ft*  •••■>  I 
-  *  ••••*  I 
•  •••ft  I 

M.  ..ill  | 

tilths 


•••••• 


ft  •■•  •«••■•■••■  Mftftft  •■•••  •••■•  •••*«  •»••«••••«  ft  ft*  •*  •■ 

•  ••■■•!•••■•••■•••••••••»••*•••••••••*’  ••••  Miiftfti 

••••••■■■••«••■••••■•••■•••••%•••. *••••••••••••.•* 

•  •#•  ••■•••*.«•  ■•••••••••  (•••(•••»!  •»*•!  ••••«  Hftftl  *i 

lZnl  “Miiiiit  ■•••«  *«iii  »•••••••••  ••»•  •  •»•  •«  -  -  - 


mm\ 

mm 


Mi  i  iiiiiiii  iili  IPiii  iiiiSHiliiiH»ii8iBiii8iiiiiiiWiyiiiiiyWii|iiii!iiy^p^iraHH^ 

iiSitofflilfiiBiiiiilBBgiilil 
mm 


Mil 

piiiiliiiliiiiliiiiil 
Iliiiiiiiiiiliiiiiiiiiiiili 


mmmmi 


••«••••«••  ». 


\ XXZS .  ?•••••#?•  •  !*•  j^SSSS * ••JJJ**fXSJSSSS SHU I5S* ••!••« ••••••••••  •••••••«••  ■••••••••»•■••■•••••  ••••  .!!•••  •••••••■••••••••••••  •••••• 

ft  •ftft«iMiift*|iftt«ftftftiMI**ftiM«  ilftift  ilia  ••«•••••••  ••••*■••••••«•■•••••  ••••••••••  «•••••■•••  *•■••••«•«  •  •••••a4a  ••  ••••■•»■  »•••■  ••••■  ••••••. 

■■■■■■■■■■■■■■■■■■■■■■■■■■I  •••••  •••••  •••■•»*•••••••••«•••••••••••••■•••••••«• 

•  ■■••••••I  ..*•.•••••.••••••«..••••••••«•.••....••  .ft  . 

I;:;::::::::::.;:: 


Ui:t 


•  ••••••■ 

•  ••••••< 


••••••••••••••••••a* 

•••• .........  •••«• •««< 


••••  •• 

>••••  •*• 


Hi 

liiiiiiiiiBiiiiSSBSSIBniiiiBiii 

•  a  •••••••iiftiiuliiftfti  •  •  •  •  •••»•  »•«••■•••.  .•••••«•«•  iMtft  ftiUi  .tiai  ftftftH  ••••■••••.  .  •■••••«••  »•••••••».  ••••«■••••  •••••••••..•■•■•■••{•••••••■••  Uii«ft(tUl 

iiiiiiliiMlffifPPiiillfi^ii^HPillMliiilliiiiffiiiiiiiili 
IBBB«Pil!l»!BBHBBBII8iBI 


liiillliiliiilliiSiiniiiiMiiiraiiffiilililili 


42 


•••••••a* 


Mkaeaaaa'  i’ 

kim  liilll'Ki 


i;* 


>•■1 

«|i 

pal  ■ 

i*a  r 

£:!::*  i«i;  *!ri:  :j  t«  rttfi  tm:  ::s«  rrrr:  t:rri ::  :j  :  t: :  :n:  I 

aamcw 

aaaaa  Mall  aaai 
»mk  utM  aiai 

»M*<  .».M  Ml 

•  »**»••»•»>  aaaaaaaai 

•  ■••aiiuK  .  a  aa  •  paa  i 


I 

I 


Si 

Iggl 

mm 


_ 4 aaaaa aaaft (a Saa aaaaa aaaaa aaaaa «aaa< 

if*'  'jaan •••••  ■•••! it . mi  aiiMiiin  'at*' 


vm 


•?*«•«»*!  aaaaa fffaa  »»»»M*»»»tM«»Ma«  raaaaaiMi  laaiamfi  lamiMn  aaaaa aa  a  aa  iMa*MM#  •*«}• 
. . . . ..••.•,••»•••«••••. .ppp.ppp#., ••*••«•••«  iffMlffH  fif  (••«  . . . . .  .  ...... 

u  mu  Ihii  linlitil:  I  ha:  n :  n  itmtntt  itgsSw  ggssiat  BBsstHi  ItKHiffl  BitHBt  HUitmt  ami 


k:«:  t 


■ — ‘  » m** **»!»  » »M»i»»t*a iwwHiia  i«t«a »«m  Htaaaaaaa  maa m»h taaaaMWi  mmwa 

•  mimmmi  aaaaaaaaaa  ••••mum  aaaaiaa>aa«a«aa>aaaaaaaa  ••••••  i  •  •  a  a  •  ia«  •  •  ♦  iaaai  »aa*aaa>  •••••«••*•  laiaia 

.  . . .  . . .  •••a*  aaaaa  aaaai  iiiuiaiai  ••••«••  .»  i  aaaaaaaaa*  •••••• 

•  |«*MMIMIIM>>MaiMaiMaiaiMltlMM|MMIIIIM  »*•*•••••!  i«iaiMMI  IIMIMaM  a*  •  ••  *  #  4  MIIIIMM  !•••■• 

. . aaaai  •  ••»•• pi •••••••••*•»  p. •• •  mmiimii  •■■>••■•••  •••aaaaaaa  aaaaa  ,m  iimmimm  niaia 

liiiiifliiiiiiiiiiii 

»sj;t::n Hai :ssasi:ss SHs hd:::::::Hr:sr:..u!arL'K:8:Sa5t:  a»:uuss!: 

HP 

HP P||| m|| '  U|j  aaaa a  *  <a«2***t!'  'P'jaaaii 

-  . 

rla  H8S  IsH  iail  tSi  t!!«  ? 

IlflffiillPifiilliS 

iBBsiiSiis!”-!!;  H-hsis-H-ils  liiniw&v-ui 

aaaa  aaaaa  ■  aaaa  aaaaa aaaaa  aa  aaa  aaaa 

aa  aa  aaaai  .  •••«  mm aaaa*  .....  aaaaa  aaaa 

.  ..a  aa.  ■  .aaa  aaaa.  ...a  .  a  a  aa.  ........  .  .  *  .  .  a.  ,  ...  .  .  .  .  .  . 

•aaj.. .aaaa 


IspHHHHHiS 


sinSaSSa'irsr 

SSSgSgB* 

- .  .aaaa  aa  ar  -  — 


■  •IMM.M  •••«.. 

.  t*  It!  a«a«a  .alia  i.aai  • 
imatiMii  M>a«ta«<«  a 
a  iaaaiH«M  aaaaa  aaaaa  a 

*i8l 


llllii 


NMnn 


■■■■•••♦#  t  *vtt  •♦*•#••••*#•»••«»•••*•»•  . . . . . . . 

2::::::::  u:::  'n::"::: 

■•*•••••••  MMIIMM  •HtINMt  ••••>•«••  •  i  •  -  . . . . . . . .  ■••••titx  m*  ••*•••• 

MM  >|M»W»  *••*•••*••  hkiii».  mmiiii  ••  •  •  ■  »  .  .  .  •  •  •  -  .  . a»a.  ••••<•*••••■■■•■•••••■••••■■»•••••••••*•  •••■**•••••••••••••• 

*  •  •  •  •  Htfl  ffW  ••  •  •  •  MM*  *•*••••••*  MM9M4I*  *•••«•■•§»  ••••«••#!»  •••»•••••■  *«M  -  *  •  •  ••  •  •  ••#•••«•••■•«•...••••••••  ••••••••••  ••■•••••••••*•**  •  •  ••  •  •••  *  •  •••*  •t*lll*l*#«M9l 

'fM*  »MM  *****  *♦*»•  •••••  •  ••  *«  •»*••••••*  •*•*••••••  •••••*••••  MM*M*H  >•••••>••■  •••••••**•  •••••••••*  •  ••••  ••  •••  •  ••  ••  •■•••  *****  ••••  •  •••*•••••••••••••••» 

'••*•  *****  *****  *«»««  MMI  MM*  ••••••••*  *****  *****  ■*••••••••  ••••  •••••  ■•<•>•••*•  ■  •••••••*  ............  ••••*«  •*••••*•  •  •  . . *••••  IMI*  ••M******  (••*•«»*•• 

*****  >»W  ***** *****  MMIMM*  »*  *  »  .  T  ■  i  ■  ■*••••■«•••  •  ,  I  •*•(•••  -  •  ■  .  ...  ...a. a  •  •>>.,  ••  .«  •  ..  -•  ••*•••  -*•»••  •■••••••*•••*•*  ***** 

***** ***** ***** *****  ***** *****  i*  *  «M*  «•  t*  *  .  «  m  •  ...a....  .  ...  .  .  .  .  ■•••••■>  •  ■  .  ...  .  . .  mm  *  •  •«  *  •  .  •  .  ••  ••  .  .  .  .•♦.•■••••••  ••*»•••••*•**•*•**•*•*•* 

'  991*  *****  *****  *****  *****  *****  -••••-  H  *  *  *  If  ■  ,  t*->  mm  .  a.  .  m  *  m  m***  *****  •*  '  •  •**«••  *••««•■•••  **»  m  m  ■«••*««  t*********  *****  •  **  **  *  **  •  •  ••*••  •••••  ****  *  ■•••**•*•••*•••#•••• 

If  iff**  IfHiMii*  MMfiiMf  MMii****  *  ,»fn  •••  ,  iiiM******  •••  •*•  mm  •  •  •••••••  ■•••■•  ♦••»•..#•..•••••*•••••••••••*•  •••I******  .*••••**•*  ••••••*••« 

'*•••  •••••  **********  ****** **  •  •  •*•*•*•**•*•*••••  ***  I  ...  *••«*•  ■••  .  ,  .  .  .  ******  *t  ....  , .  .  , ,  ,  a  a-  ta***»*M*  M***MM*  i********!  •••••Mitt  •••*••*«**  ■*••*••••« 


It::: 
I :::: 


>•••••■••••••••■  •••»*  ••■••■••■•  **•**••••*  •*..**••■•  . . .  •••••*•••.*  ••••••*••*  . . .  ••♦••••••  •*••••••••*•••••• •••••(•••■•••«l 

IMMItiM  •••**•••*•  ••••••**••  MIMMMI  ••■••••■••  ••••••••■••■•■••••••••*•••••••*■■■■>■*■•  il*#***l*l  M**IM*M  *M*IM***  ••••••■••#  I*********  ••••••*•••  *••••  ******  I 

.  •  ►*••»  M*t*  M******************  ••*•■•••■■  >••■*•■•••  . . •••  ••*••••*»•  ••••*••*  I*  I 

•  f  »•••*  ••|M**M*t****l*M*M*«lll*MMMIMM*«Mlt||a|>lM|I**iMMM*  ••••*••••(•••*•••••*•••••  •••■••••••••••■••••••■•M  ••*•*•••••*{••••••••  •••••••Mi  ••**•  Ml  I*  I 

*  •  *****  *****  •*•••(•••■  (••••••••I  •••••••■•■  ■•••**■•■«••■••■••••*••••••*•*••••••••••  •••••••••)•••••■••■*•••*••••■■  •*•••••••■  •••••••••*•••••*•»••••*•*••••*»••••  *•*»•  I 


It:::::::]  ::::: 

| j::r 

lUtjitttlfUgt.U} 3m5a»3t8al:s sghHHi iilfniiP1-'.  -:  .:  h::: ::::: HI 


)  »XS*t  •••••  *MiSp*2*  i*l****j 

* ••••••»*•• •«•**»***•  ***** fife. - 

*•*  •••••••Mi  *****  ■••••  •••*** f*f i  r 

*•*  •**•***•••  •••**••»•*  **********  *' 


::m:m ::::::::::  :::m::mtm:m: 


til  I  On  HHlISilln:  mm:m  :!:s::SHi  tlHis 


cuFi'.wa 


•Sittr 


::i:i 


j 

If*  MM*  ••  • 

RHn.’ta 


:§i 


«M*4  t  •  ,M**MM>  •  .*M*M*MII*»tH  UIIIM4M  **********  MI—MM*  IMMMMI  MHil*M*M»««M*M  IIIM  HIM  ■ 


:::::: 


W.7- 


...  ...  ...at..  ..**»,,**.  ,*»*.**, 

iri«ijBiiinRis«R»Bgs:t 


••  . . .  . . . 

—  - «**«**i*  *«••••••»*•#••••• 


■mis:: 


■ 


I!!!!: 


***—•*> 

iltSIIK 


****** ***** » 


. * . * 

::::::::::::::: 

mm 

mm* 


ni 


::::H 


iiiil 

mm 


... . 

hams 


i'-rr 


mi 


tsttt 


:::*•■***: 


WIW 


:::::: 

:::::: 


H[HH: 

111  ISMS 


11 


:::i; 


ill 


||p||f!i! 

!!!!!  !Sttl 


m  ni 

ii  wm 

HI  liWuliliil 

!SJz!  "??!!  M.J!  tfjtt  !tft!  Itttititf.  | 

•  ••  J  -  I *•£ ...  t. 
fift*  PU1  »I1H 

Iffl  IfiiSIt!  aHjrEE  s:njjti: 


Hillliilllliiiiilliiii 


Bpiiiill 

18m WB mm! »»« »  ■  tunas I 


mmmm 


■afiliiiiiiiilil 

Jillj  lit «  S  not  «tt|  iHm  uHIHH!  HIliHlI!  I  jr: 

-  - :  hi! tiitimn  Kimtxu  mxztzzr 

iiltmililntisisliisilniii 

iifiiiiHlllliHIliiii! 


ml 


iiiiliilnii!! 


isasissa: 


UMliifi 


ppSfiHSnilSi 


ii«<  •  »i  -}■*' 


HH  Mm 


MKHii 


SIHHitl 


IHiPiBI 


::::: 


i— 


swi 


.......... . z... ..... 

9l!iim:Ms5!S 


iiaiflHnibninfe1 


nlnnB 


p^HMaannsi 


isn:Uii  siHi  !:£j! 

MaB  UltiSHIillUmiJtfflaa  BIS :::::  r::n ::::: 


•iiHittiilHiinmlGnltH: 


ill  B 


:::::: 

l  •••••• 

I 

I  '"j*i 


■aaaaaaaaa* 


{■**{*«  **••••#»••  UMIIIIII  ****•■■**>  I . .  «.**«** 

_ 

■  aaaaaaaaaa  Mataaiaattaaii  *■*•■••>••••• 


.1 


••••>*••»•••  *i - 

<••••  »•••••••••  ••••*••' -  - 

I  ••••••••••  aaaaa aaaaa  aaaaa aaaa a  . . 

. 

a  a  i  u  lalai  ,ata>  a  •  .  am  aa  at  ■  aa  ■  >  .  ,>■■  ».  a  -a  » 

■  . . . . . . . . . . 

I  ISSSS  If**! * 5  2*5  ££•£•  •••£•••££  £  =  !£*  ££££*!**£■  •»•••»•«••  •aaiaaaaaanaaiaaaaaa  aaataaaaa  aaaaa . .  aallila 

I  ■•••■••■•# aaaaaaaaa#  )i  aiiiaiaaaaaaaaiaaaiiniM»at  aaaaa  a  u<ai  laiaiailti'ioa  laiatiMi  n  <aaa  a  a.aaaan*  •*  •  t  *•  aaaaaia*  aaaaa 
till!!!!!  *ff fffffaa  aaaaa5;ffa£Iafffaaatfaaalaa»4a  aaaaa  a.,  aa  aaaaa  a»«a..aaaaaaaaa  a.,  aa  a  aa^aaaaaaaeaaaaaa  a  aaaaa#  a»aaa  aaaaa  aaaaa  aa 

t::. ::::: ::::::::::::::::::: :::::::::::::::::::: k!:!::i:: :::::::::: 


aa«iaM»aa*naiM«»M»«mMtanniimiii - 

MlBaataaaaiaiaiaMiaitaaiiaaiaMataaitttaiMaiiiii 

aa  a  aiiiaaiaaaiaaiitimta  aaaaa  aiaaOMMtiaaaiiMltaiia  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa 
aa  a  a  a  *aaaaaa**a  **********  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 

_ aaiaa  aaaaaaaaaa  aaa  Miii#MMMaMii  aaaaaaaaaa  aaaaa  aaaaa . aaa  a  a  a  aka  a  aaaaa  aaa  a  a  aaa  •« 

aaaaialaaaaaaaaa  naMMiMiiiatM  . . .  . . . 


a aaaaaaaaaa 


»f#aaa»aea aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaa a 
I ii  i» .  i  nt  *aaaaaaaaaaaaa aaaaa  aaaaa aaaaa  safsaasaa 

aaaaaaaaa aa*a*£ 


sssiussst; 

aaaaaaaaa#  * 


■aaaaaaaaa aaaaataaaa aaaaaaaaaa aaaaaaaaaa 
, aaaaaaaaaa  aaaiaaaaaa  aaaaaaaaaa  aaaaaaaaaa1 
6 aaaaa aaaaa aaaaaaaaaa aaaaa aaaaa aaaaaaaaa# 


.  ..  a# ###aa aaaa* #aaa  i _ 

. taaaaaaaaa  #aaa#  aaaa#  aaalnaai 

a###a#aaaa#|#Baaaa#a#aa#a##ai##aa#aaa#a##a#aa#aaa###aa 

- ■la*****#*#**a#a*#**#a*aa**#**#a***#i#**a**« 

iaat* *******  safe  aaaaa  aaaa  a  ••••iiaaaiMSaitatl 

•##iii#iait#is«if  ••laaaitiaaaMatt#  •taaiiial 

.  . . . 

aaaaaaaaaa  aaaaaaaa  aa  iaaaaaaaaa  aaaaaaaaa 


•  aaaa  aaaaa  aa 


_ .... _ _ _ - |S!tSt. 

a  aaaaa aaaaa. aaai aaaaa aaaaiaii#* aaaaa  *fc***sa* 

B4aa****aaa»»a*a ••***■*•••  •**■■■■*■•••■**••• 

aaaaaaaa  aaaaa  aaaa  a  aaaaa  aaaaa  aaaaaaaaaa  aaaaaaaaa  a  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aai - .. 

iaa  aaaaa  aaaaaaaaa#  tiaiiiatH  aaaaaaaaa#  Kbiaa  a  aaaaa  aaaaa  t"Ba  aaaaa . aaaa*  •*(#•■»••• 

aaaaaaaa  aaaaaaaaaa  iaaaaiaaaaaaaaaiaaaalaaaaiaaaa  aaa  #a  aaaaa  •  aaaaaaaaa  aaaaa  aaai#  aaiaaiisa# 

- i -  - '-aaMaiatuiiiiiiaiiMaiUaMaaaiMaaaiaaaaaaMaaiaaaaMaaBtlpaa 

aaa  #aaa*aaaai  iaaaiaaasa  aiala  aaaiaaaaaa  aaaaa  aaaaa  aaaaa  aaaaaaaaal 

»a  MitMtita  aaaaa  aaaaa  aaaa  aaaa  aa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  assar 

••aiiaaaaaai.J  is  i  t  it, aaaaa****** as  a* a **.***•*•■ aaaa* - 

- aaaaaaaaa##. *  ■*  i  »  '  »,  iiaaiaaiaaaaaaaaaaaaaaaaaaaaa - 

.”!! - 


{aaaaaaaaaa# _ 

a aaaaaaaaaa aaaaa. .  . 

a aaaaaaaaaa aaaaaaaaaa asaaaaaaai 


•I!’ 


■■  ii 

mm 


ijlliili 


iM*iialll(ti*ia«ikaaaiksaaaiiMiaiaiiiiii  laaialaaitaasMaaaii  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaa#  ■ 

. . 


iiiiiiiWijiiiiiiiii 

s  Hiii  ion  inn  ii  in  mis  s 


HHlii 


iilllilli 

ini 


ililiiiiiiii 


'immsmi 

iBBnilli 


mm 


iBHH 


ISrWP 


•  ••aimiii 

aa  aai*  •  aaa*. 


sa 


nnmMii 

iHHHmHHHHIH 


. . Ml . aaaaaaaa  •# 

aaaaaaaa  aaaaaaaaaa  aaaaa  aaaa*  aaaaaaaaa* «  a 


mm 

liiiHiiiiiwiieffiMi 


HRSH3&I &2L.  -:.HUn»!!:HU;!!-: 

:.:;:iiws;  i::::;;;;; ::::: 


mmm 

mm  b™  I 


im 

HD 


. . .  •  • 

#***la***«*».a**#**a**as«£sa  aaai* 


hi:: 


iii 


Ii 

p 

mm 


1  ti  t'  11  (  iii  iQi «  .  ,  I  •  .« 


iiiiBiiiipiB&fi 


pj|!llliiisiSgH]ij|gH::j[«iij2|j| 

iiimiB 

■HipiK^iDSJyiiAPPPP 


•r  ^  ,  -.-m»i »< i  JhmmwR11I«b8< 


■mmmm\ 

jjj; j  p; *j  jjjt;  ;jj|j  I 

■SSr^nmnyaiil 

liisiSBiBini 


rn^^rtnni  n\~uuimr~ 


. mi  . .  i  m  i  wmmmmaammm 

Si!^g:::g^fflgggjaiIiIKMSilllliiillllllllillfeillijl^^MllHiteteigg|rsl!!ifeimim§l 

;i^m^!iPH!jiMii!iiji^mm!iffitlti;;^:i:s^«sMMmy8iiimiijii«MM§iijiigaBfeM  | 

liBiMBiHiiiinsiiiinnPiiiiiinpiim 

iaB^BIP-lgaSiaggiaill?jlllO^IPI8iyilnllpyiypHlgiiPSl8HlgyTOgr«r”-=”j!!1fjr"i“Hflmjia,»y||||||§iiiiiaii| 

mm  l 


iii!i!ll^!Rii!!l!iiiiii^iiiiiliiiiiiiiiillllii 


mwmmmm 

~ . 


:!!!:::! 


•  aaaa aaaaaaaaaa  aaSSaaaaaa  aaaaaaaaaa  aaaaaaaaaa  ••••••••••  *•••*••••••#•••*••••  aCaaa  aaaaa *»a**aaa*a »•••••••••  aaaaa  aaa 

aaaaaaaaaa*  iMutitii  mil  ■■■  a  a  ■  aaaaaaaaaa  iimimiii  iiimiMiillMlian  iiimmim  •  • 

... - - .....................  —  ....... . . . . . . .  i  a  «  >  . . . . . I . . . . 

■•••••••a  ••■•■•••••  aaaaaaaaii  laaaaaaaaa  aaaaaaaaa*  aaa  a  ■  aaia  .«  •  MU  a  ■>  a  a  ■  ■  a  a  a  a  a  aaaa  a  aaaaa  aa  aaa  ■■■•a  aaaaa  aaaai  aaa  aa  •  •  n  a  aaa  *  a  ••••••••  aa  aa 

aa aa aaaaa aaaaa aaaaa aaaaa aaa aa aiaaaaaaia  aaaa  a  a  aaaa iaaaa laiii aa aaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa a  ala  a aaa  aaa  aaa a aaa aaa aaa laaiai aaaaa aaaai afaaa aaa aakaaaa aaaaa aaaa aaa  i 
aaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaa  iaaaaaaaaaaa  aaaaa'  . . . . .  . . .  . . 

•  aaaaaaaa  ••••• aaaaa aaa ••#•••• aaaaa aaaaa aa iaa  a  a  a  in  iiinia'i  i  *.*■  •  a  i  •  ...  ..  *.*•  ««  •  n  ilii  t  a  aaa  a  aa  aaa  aaaa  a  aaaaa  aaaai  aaaa*  aaaaa  at  •  a* 

•■ *••*••• •*.•.•••■■.»•••■■■.•  •■•••■•.•■•■•...  •  •••-.■  I  "  al)l  ,  .  ( a .  a  •  *  a  *  •  aaa  i  a  •  a  ■maiilaiiH'  '•  •  a«  a  a  i  a  a  ■■■laaHaMiaiiiiiiiaiaaMaaiaiaiM" 

•  •■••aaaaaaaaaaaaaaaaaaaaaaaaaaaaiaaaaaaaaaa  aaia.a  a.  a  .aaa  a. a  ,  _  .  aaa  a.  .a . a  a  . aaaa. .a. .aaa.  .a»aa. aa..aa«. aaaa. aaa  .aaaaaaaa.aaaaaai 

.  . . dim . . . . . . . . . . . . 

a  aaa  aaaaa  aaaaa  aaaaa  aaaaaaaa*  a  aaaaa  aaa  aa  aaa  a  a  aaafta  aaaaa  >  a  r  *a  ■  ,  a  a  at  a  a  ■  a  a  a  a  a  a  a  >#  -a  aaaaaaaa  aa  aaaaaa  a-  aaaai*  aa  nn  a  a  a  aaa  a  a  a  a  *•  a  a  aa  a  a  a*  aa  a  a  .  - 

•••*••••• aaaaaaaaaa aaaaaaaaa* ■•••••*•••  aaaaa  aaaaa aaaaa  a  t  aaa*  *  *»•••••••*•*••>■  *•  aaaaa*  aaaa  aaaaaa  «••  >*■•!*  iiiiiIi  •  aaa a aa aa *  a ■ a  a aaaa I aa a* *  a  a aa a ■ a  a aa  a  a - 

_  aaaaaaaaa  laaaaaaaaa  aaaaaaaaaa  aaaaa  aaaa*  aaaaaaaa  a*  aaaaa  a  a  a  *  *  aaaaaaaaaaaaaaaaia  Uuiii'ai  nan  .  »>ai  laa  i  <n  in  i  ■iali»iiiaii»aiaa>ii>>t>iial>*iitii>il  ... 

|  aaavaaaaai aaaaaaaaaa aaaaaaaaaa aaaaa aaaaa aaaaa aaaaa aaaaa aa  .  .aaaaaaaa  aaaaaaaaaa  aa.  a.aiaaiaaaaa  .  . a  a  a  a . a a a  a . a .  # a  a a  a *. ■ a  a  .aaa aaaaaaaaaa aaa a  a aaaaa aaaaa aaaaa aaaaa a aaa a  a  a  a • a  a* a  aa 
•  aaaaaaaaa  aaaaa  aaaai  aaaaa  a  alia  aaiai  aaaaa  aaaaaaaaaa  •aaaaaiin  ••••••••■■  aaaaa  a  aaaaa  aaaa*  aimanai  aaaaaaaaaa  aaaaaiaaaa  aaaaaaaaaa  ••■■••!••*  aaaaa  aaaaa  aaaa  aa  aaaa  aaaaa  aaa  aaltaaa  aaaaa 

■  !!*•••  •§*■  aaaaaaaaaa  ••■■••••••••••••■•••  ••an  aaaaa  ••••aaaaaa  aaaaaaaaaa  aaaaaaaaaa  •aaaaaaaaa  aaaiaiaaai  aaaaaaaaaa  aaaaaaaaaa  aaaaaaaaa  a  aaaaaaaaaa  aaaaaaaaa  a  aaaaaaaaa  aaBlalaalaa  aaaaa  aaa  4a 

I  •••••••••a  aaaaaaaaaa  •aaaiaaaaaaaaaaaaaaaaaaaaaaaai  aaaaaaaaa*  aaaaaaaaa*  aaaaiaaaaa  aaaaaaaaa*  •••••••■■■  aaaaaaaaaa  aaaaaaaaaa  ■••••••  aaa  aaaaaaaaaa  iaaiaaaaaa  ••  aa  a  ••••••••••••  ••  a  ■■•aaaaaaa 

I  ■••■iiilmaamaaaiiaamaWiiaaaaiimiaiiamiiitaiaim.MMiI,,,,, . . . . . aaaaa . .  aaaaaaaaaa  aaaaaa  alia 


........  aaaaaaaaaa  MMiiaaa*  a  •  •  a  •  •  a  aa  a  a  a  a  •  a  a  a  a  a  a  I 

aaaaaaaa ■•••■••••• aaaaaaaaaa  •••••*••••••••••••••  I 

- 1 - - "'*•*•• aaa ■•■■•••••• •■■••••■■•■ 


aaaaaa  aaaaa  • 


I  j^aajaajaajjaaaaaaaaaaaaaaaaajaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa  .•■■**■•■. *..*■■*.•• **»■••■*•«**••■ 

I  !**>!!!!!!  •••••8»Sla  aaaaaaaaaa  •••*■ aaaaa aaaaaaaaa* *!■■**•■■•  aaaaa  aaaS!  •*'•••*  •■•  •••••  - - - 


aaaaa  ••••••■•■> aai 


l|  .  >:'I0  •  *  a  a  aaaaaaaa 

•jjaaaaaa aaffVVaat  a  at  laaaaaaaSi. 


a  a! a i 


,a5 

.  ..........  - - - - ••»••••■  aaaaa  a  a  a  a.  - - - 

_ _ _  ..  ..  .  ....  _ a  a  a  a  a aaa a aa aa a a ■  aaiatiaaa  a  aaaaa  aaaaa  •••■■••aaa  aaaai  a  aaaa  aaaa 

- ..aaaaa*  *•■*•■■,.*•••*)■•■•••#•■•••■■•  ■•aBaaiaB(aaaaaaaaaBaaaaaaaaafMaaaaaafalaaa*4**Ba4**aa****aa***f*a*#a****aal,f*(t*8a  . 

,  ..  - •!••••••  laaaii  if  aa  a  >  a  •■aaaaaaaa  aaa  aa  mimuiI.  a  aaaa  aaaaa  •••••  aaaaaaaaaa  aaaa  a  ■■■•■•■••■  aa  aaaai  aaaaa  aaaia  ••••«•••••  If  a  aaaaaa*  aaaai  aaaa  a  aaaaa  aal  ••*••■•  aaaaa  | 

I  •••■•aaaaa  aaaaaiaaaa  laiatntiMMai  ••  aaa  aaaaaaaaaa  aaaaa  aim  aaaia  aaaai  aaaaaaaaaa  aaaaaaiBaa  aaaaa  aiaat  aaa  mmiu  siaaaaain  aaaaiaaaaa  aiata aaaaa  •■•■■•aaa  a  aaaa  •  aaaaa  aaaaa  aaaai  ■ 

I  *V1!!  $****"■■■ 1  *l**«aa*l*  aaaaa  a  ■•■•  aaaiaBiaaa  aaaaa  aaaaa  aaaaaaaaaa  aaaaa  aaaaa  aaaaa  aaaaa  aaaaa  a  a  •••■■■•  aaaaaa  ••■••••  aaa  aaaa  aaaaaa  •••••■■■•••■••■  a  aaaa  •■•••■••  all 

I  fifaaaaaaa  \  «'MMM(lHiai*nt  .•’■••aaaaa  aaaa  •»*  ••••••■•  ■  imm  n  •••••••  ti  aaaaaaaa  «a  i  a  ia  aia  ••  la  a  aaaaa  a  ai  if  •  §•••  •••!••••••  i  in  a  •  a.  a  aaa  aa  aaaa  a  •■••■  I 

iHliiai  <  aaaaaaaa  aaaa  taaaaaia  <■■•■•  aaaaaaa  a  •  i  aaaaaaaa  t  »  a •  •■■• ••*••••••• aaaaiiaaai ••lialaala a  aaaaa-  i  a  ■  ••• •• a aaaa fci a*4  ■ 

•  agaaaa^aaa..  aaaa  aaaaaaaaa  a  ,«i.i.Mjiijl-lic>.ik|lataijaai.  ‘*‘{**!ir  ••■•■jaaaa  gia  a|f  •  {•  a  *aja  a  a  atg  a  a  a  a  .  .  a  a  »  .  •  .  a  a.  a  a  a  a  a  a  !•••••■•••  I 

•■••••aaa*  ••  aaaaaaaaa  i  a.  aaaaa  aaaaa  -  a  aaaaaa'  a.  aaaaaaaaaa  *»••••■•*••  •  .  .  a  ••  •  -  I  ••  •  •  •  ••■•  a  -  ••■••■•••<  •••••■••I 

- -  aaaaaaaaa  .  «a..m  ■••am  -  uti-  a  .a  •  aaiata  a  a  .  aa  a  aa  a  a  a  a  •  a  a  .a  a  a  a  a  Ba  I  *•»  •  *  •  »  i»  •»  a.  aaa  I  aaaa  t  »  i  a  .  a  aa  a  a  a.  .  a.  a  .  a  a  .  .  a  a  a  a  a  a  .  .  a  a  a  I  4  a  a  laa  a  ■ 

W*  nm  •  .  i-  -a  i-Smi  i'laaa  •••«»•  5  a  'aaaaaaaaa  iiiMlfli  a  aaaaaitaaaaaai  ■{••■•{••••  a  ••■••••••»■•••  aaaaaa  aaaaaaaaiiaala  I 

•  ia  aa  aa  a  la  aa  a  •••  ..•••■•  /Nil  *  ia  i.  laaaaaaaaa  Mili^Ha  •••••!■••• •••*•••••• iaaa ••••••••••••■•• •  •■•••••••!  ••■•■•■••<■ 

_  .  - - - - •ja...a(i.i.iiA»a.i.a  laaiaia.iaal  lm  ..  *.  .  a  •  •  aal „a_  .aaaaaaaaaa  Maaa^PSa  •••■•••■•■  aiaKf aaaai ••••  a  a  a  a  a  *  ••  a  aa  a  a  a  a  •  a  a  aaa  a  a  a  a  i  a  a  a  •  •  a  a  •••  ■ 

It!!!!!!*!1  ••■••■••I'll  iaaaa ••••■•■■**  «#;■••  a  aaa  aaaaaa  «■■■■■■•■••■••■•■■••  *r  aaaaaaaa  aaa  aaaaaaanaa*  aaaa  a  ■*■•  aaaaaaaaaa  aaaa*  aaaa  a  aaaa  a  a  ■#■•  aaaaa  aaaaa  aaaaaaaaaa  aiaaaMiail 

•  aaaaaaaa  a  aaaaai  aa  ia  in  aaaaaa  a  •'  •■  aaaaaa  aaaai  aa  aaaaaaaa  aiiana  ••  a  -  a  .  >  a  aa  aaaa  aa  a  aa  a  ia«aaiifaaaaMli<*i  aa  a  a  ••  >  aaa  .•■  a  .av 

•  aaaaaaaa  •  ai. . «  a  ■•••!  i  .  -  a  _  a  ■  aaiaaa  *  ■  i  •  iaa  ••  •  •  ifeaa  aaa  '•■•(•■•  aaaaa  •■••>■•  •  •  a.  >  a.  aa  |*aaaaaatla  Jaa  '••••••••*•*••••♦»•*  >  -••••»  a  •••  a  -  •  ••» 

a....  .  I  a  .  .  laiiiajai.i  u.».  ,iiaili-,l.  .a  Vt. ««••■•  .  IMI  ai  iiiaaaa  iaaa.  «•■••••■...  a  .«•••  .aa  aalil  ••••••••••  ••■>*•••••  aaaa  •*•#•«  •-••  a  a  •»»•  .  iMaiiali  I.  aaa  aaaai 

I  it:::::::! _ 

f*  !!!5!S58!S#§  ••••■•  ■•■■••■■*••••  ••■•■■•  ■•■•••■•■•  a  •••»••■••  ■••••••■••■■••(•■■■•  ••••■■••••  ••*••••«■•  aaaaaeaaaa.  •■••■■••••••••■■■••  (••••■••■•  aaaaa  a  aaaa  aaaaa  a  aaaa  a*  Ma  a  a  aaa  laaaiaaaiil 

:a:*-  v  '.’jrtir! :  :r:T.  s  ::rss 

!  !!**■**!{*•<*■•••■•{•■••  ■  {■••  •  •■•■  •  aiiilaSaa  ■  aaiaaa  ■(•■  aSSaiaSaSa  alaifaaaaa  ••  Sf  •!•«■•  (iaii  Saiia  lafaiaifal  •••••#••••••••••••#■  aIfM*fjj*  !••••••  »*•»••••••»•• 

K*  aaaaa  a  aaaa  aaaai  *8  tt  Iff  if  #••■••#  !••  aaaa  ■iiK|aa,«  Sailf  ill  ffftlf  •*•••»  a  aaa  aaaZaa  aaaaa  •••••••••  a  ••(•*  ffitf  f  HI!  !•?!•!!!!!  !!!!!!!?•!  .!!”!!!!!  ! 


aa  aaaaa  aa 
■  aaaaaa  ai _ 

!••■••• liaiaai 

•••••••aaaai 

-- !•••• aaaaaa* 


niHHBppHl 
liliiiiiiliiilliillliiiffl . . . . 


:::::: 


laaMiMHM7m»Maa7iiaaaa7iitilSaani 

laaai • aaaaa aaaaaaaaaa aaaaa  aaaaa  aaa a  a  aaaaa  ■ 
raaiaaaaaai aaaaaaaiaa  aaaaaa  aaaa aaaaaaa  aaa I 
I  aaaa a ■••■•••••••••••  ■••••••••• aiaaa  aaattfl 

imiiaua  aaaaa  aaaaa  aaaa  a  ■#•••  aaaaa  »aaii 
laaaaaaaaa aaaaaaaaaa aaaaa ••aaa  <••■•••■<■ 
■•■••aal  aaaaa  aaaaa  •••••••an  ••■••••■•■ 

. . . . aa'ic 

bra  ••••  . . . 

. .  ..........  .«••••*.•* 

^«iii  aaaaa  ••**•••••*  aaaaa  »••  ••  aaaaa  aaaaa 

.  . . a*.  . . 


■  ••••  aaaaaa* ala  aa  aaaaaa i 
ia**.  •■«#•  aaaa*  Ulaia'  ** 
f • ' *  *  *::::::***  ***‘** 


iaaa. 


..........  aa •••  | 


sisjiijii! :::::::::: 

HUiijiii! } I: :{ti: HU: m 

liH'iililiiiililiilii: 

i 


nn 


nltitniiiiH 

wm 


;  :::::  mu 

::::::::::: 

l  ilia*  aa  a  aa  aaaaaiian  aaaaa  aa 

:r=r  s  «l«  fei- 1!*0 1 


■  a  a  .  a .  aaaaaaaaa.  .a...  aaaa.  I 

::::: 


aaa  .  .  .  .  .  .  ..aaa  aaaa.  aaaaa  aaa<  .  a  a  .  aa  a  a  a  a  a  a  a  a  a  a  a  a  a  a  a  aa  a  a  a  a  a  a  a  a  a  a  .  a  a  a  a  a  a  a  a  a  a  .  a  a  a  ..  a  a  a  ..  a  a  a  a  a-,  .a  laaaaaaaa.  aaaaa  aaaaa  aaaaaaaaaa 


IHnPIfiiiliiilliiiiilHiliS 


ittiii 


*,  .|SaaaSla a«aaa{ 

a*  .aaa a  aaaa.  iiUlt 


i  aaaaa  aaiaa  aaaaa  a- 


a..  .....  .a.  . 

•• a*.  »a • • • aaa  a 

laa  alt  aaaaaaaaaa  »Q!!a!iiS!S22l^^H 

•  ■••at  aawiiiiw  aia«aaaaaaaaa»i|aiaa  •■ 
liaaaia  ••  aaa  aaa  ••  iNaaauia  aaaaa  iaata  ■ 

•  HIM  aa8Hlaa«a»aa»  iaaatiWBa*a| 

::: 


.... .. .a. a.. aa... aaa.. aaaaaaa. ..aaa*» 

aiai.iiaiaaiaiiiiiaaiiiaai  ■•aaa  aaaaa  » 
aaaaaaaaaa*  *••■• aaaai  aaaa aaaaa*  •  a  ...  a 
. . .  .a.... 

*  * •  •  ••  •  ••  a  a  a  aaaa  ••  aa  a  I ••••  aaaai  • 


MiniiiiiiiWimiffiKi 


'♦a  ■••••■* 

- - waiiii - - - 

•••»*•••  ••■•••••■«  «a  a«a 

#•  a.  aii  a  »i  —a  raaaa 


■aaa  aaaaa •* 

•  ••  aaaaaa 


m  M  ,mww  if iititgW | i iii itiii  Ht it  Bwi Mwl ggHt tiwlBii  •ini# 

IU.  aaa  .a  aaaaa  ••«  .a  aiiaaiaUi  aaa  aaa  a  iaaa  a  a  aaa  aaaaa  ia  ala  aaaaa  aaaa*  aaaaiaaaaa  aaaaaaaaaa  aaaaaaaaaa  aiaaii 


iinililf! 


:z:::u:  .... 

aaaa  a •••• aaaaa _ 

HMMlaaiaaaaiia.. 


limit 


•|Si!ljlil5;;M?ISj|jlljjHnHliiljlljj5j;lHl?j|jljlijj:l:ljliriiao!ia?S:8iiliyii:l;BsLB^BI 


f aaaaaaaa ia.  .  aa aa a  a  a aaaaa aaaaa aaaaa aa aaa aaaa*  • 

■  ••••••a.  ...... .a . •  .....aa...  naalatill  «••••§■••■  ..*....aa.. «•..•* 

iaM aaaaa  ••■■•••••■  aaaaaaaaaa  ••••■•••ia  ••••••iiia  ••••••••••  aaaai m 

•a  •  ....  .  ..Ill  •  *  •  a  >  lamaaii.  aaaaaaaaa*  •••••  aaaa* . •••■  ilnn 

-••aaa. . •••••  .aiaia.aa.  . . .  ..a*. .aaa.  .aaa. a 

.aaa. a.  .a....a...  . . .  .....aa...  1  •  ..  .  ..a..  .  ....  a 

li  a  Mall  maa  aaaaa  aaiaaaaa**  •  aaai  aaaa.*  *aaa  Mill  ••#..  aaaaa  iiant, 

I  iaaa* a* aaaaaaaaaa  ••«••••••« a aaa a •■••• •••••■••iiiaiaaaaaai .aaaaali 


iliiiiilKHii 


_ ■ • •  •  • aaaaaaaa..  .. 

aa  mat  aaaaa  aaaaa  a  aaa  a  aaaaa  aaaa 


ja?a*a»i|a  aaaaa aa4«a *l*t!It|a|  aJ 

aa.  .aaa. aaa . ...aaa . .aaa.  aa 


■  •aaiatiiiiMlMiiiniaimiii.i.a*  -  iaai>  •.#**** 

'•••iii  ia*4«  iaaa  a  aa*4*a»a«»  •••••»••••  aaaaa  aiiia  aa  •»•  iiiya 

BtSutr 


iillllllliilllllll 


•aaaaaaaaaa 


:::::::::: :::::::: 
•••••••aia  «•«••*♦• 


•  aaaaaaa' 


.  . . . 

-aaaaaaia  *«aii 


•  •• la  aaaa.  .aaaa 


aaaai  liianiaiiiaaaaa.m 


.  -  -  -  a*  _ , 

,iiHaaiamaat«aiitaaia(M_ _ 

if  a  ••••••••••  aga. •••••■  aaaaa  aiaM 


a  aaaaaaaaa* 


a  ••■••*•••• • 


as:Rn:::»us 

_ MMaaiaMtaiaan 

•  a... aaa.  l*gM — 


.  .  •■•••  aa* 


:i 

a*  .aaaa  aaaa.  aa* 
•  aaaaa  a 


mmmm ■ 


liifei.il 


iMHMmiimiaiiaiMitai 

lUHiMHIlWlMMIIIiai 


iESSSSSSSSSSSSSSSS 


ISSSSSSSB! 


iMaaaManMWMiwaMaMWBaMnMaaaMai 

■■■■■■■■■tu  ■■■■■■HUHMNaHII 


!-'<-'M’rn’iMwiNMaiaBaMW&WMW§wlwibpimiin§3itHiMMMCj|iwiMiiiii»w#'iiiiH 

•iiBiipKimim 


m  hi  hi  ■  m  mm  k  m  m  am  u  mmmm  u  m  m  »«i  m  «c  m  i 

xucuiqmiurrttHrim 


FIGURE  IZ 

AFT  LONGITUDINAL  PULSE 
AH-1Q  USA  S/N  7016019 


AVG  AVO  AVG  AVG  AVG  TIIM  AVO 

01055  CG  DfNSITY  OAT  IOTOI  AHSFHO  CT  SCAS  CONFIGURATION 

WtIGHT  LOCATION  ALTITUOI  -*C  S«t0  -  KCAS 
-  II  -  IN.  -  FT  -  IFM 

124 0  196  T (MID)  6040  1  9.3  124  111  O.OOJ496  ON  A 


» 


■  iUUlflfltt  TOIIUIIl  JI)!!  !  TO  in:  ii  iffiHfltiMHIillUi  !  ,  Wl  II,  TOH  '»!* 

■ill;  -4  h>  m*w*  > 

B IW 811* {ttHWIlirtllllWf HIM  JIW iliHHfl! Hi#  Iftll  IIK tttH ItUI MU ffll iffllSIlj ill.  Ill:  liinttmilliitli  WTO:  Hi 

^  ifB* •#*'•  'tlllilH) 4W-’ illfl .  .1  I"  TO 

*mnMH.tim«nt#w!i#trti  ...Mimipnin-ii.  iuhtoi 

rjVfflKIWixilUMitflllltWIlHiliii-iiHiRflllill.iHI^HiiliMRiilllUliJii  HIM Mltllllll IHH («»•  tlUt tlili «im »li* - 'tlis -IMj  1  i t 

fctKuwmmii)  min*  hi  iiiiiirtiii  'ii'iwiniiiiiifliiftiidi  .i!iiimw)fi«iiii»i!niiiiiii:iii 

■  fitSHIHIIftilltt^RtllHHi  llH:  4Uil41>imijlllHaH)H)  IHIMI  TO  III!  TO 


IIHIilBt rUli i lit JtHHHU IHK UlB UfH IIHf IMM IW4 Hill IHl '  iMUitr 

IIIIIIIHilW(WlllltlliailiUllrtiHllllli8lt!IHIiiMTOHiiMi(iiHi'iuiii«" 

.:HHn:-«-HHimil'rlM'llHK»llltt«IH|ii|t|i' 

iiiwit»i!iwiwiiiitiiAiiiiHi}iiiiifi«iiiM(iiiiiHiHi!ii!imrnuiifMffti' 

itmimi:)wi(ffitittfimiiii»ittmmiii9RiiimnHii«Niiih«i»um:!fH)i 


M»i  RMii'iiHlill'liiK 


-*  •uMitmi  um  liw  Mr  aih  •  iiui  i  ii»  oiu  i 


IHH  flU Ml flH Ml InKUHlim  MUNI  Mil iMUHjlimU  EHH  !W  Ml  Ml  SHI  Mf,  MU  MU  I 

lMMlMMlMIMRHIMIiMMNIMMllll|NiMIIHIMIMMllMilMinMMiwM«f| 

sssss&sasgeBasssBBSSSssss: 


8888888888 


ItttMMMMHWMMMMHWpMMMHNMHHMMNWMMMMMI 
iMMMMmMMMNMPIMMMNMIMMMM.  MAMt  MM  N  M' 

IMIMMMMUMMMHMMNilMMMMMIIMMMIIIMIMIMillMlllliiaiRlllkM! 

IMMH  MR  M  MMuM Mil  IIBttMMiMMIMIlia  MM  M  an  m  m  m  m  mum  an  i 
I  HI  MtfMM  mm  MIMM  NMttMMI  ■  M  MH  Ml  Mi  MMI M  HI  M  M  «k  Ml  Mil  Ktf  m  M I 


IMSWMItflMNIilMMIMMnHBiniMMI 
I  IN  m  Wf  «8  IM  W  m  HI  M  M  Ml  M  M  M  M  ■  Hi  I 
IM«M  WflUWMHMMiMMaNNiMIMiMa  H«MM 


IMilHWRIlWMIUilWMMMliMMlIliltWnjl 

im  n  m  m  hi  mm  mm  ii  BmBi  m  i 
i  in  m  m  m  m  m  m  m  m  m  m  m  m  m  m  m  m  i 
INMMMMMMMMMiiMMMIMinMMII 


*■ 

■1 

iSmwhww 

SSSSSSj 

mmmmm 

IM 

m 

ii 

pssss: 


IMMHWMMIMHMMMaiMIII 

IHMIMatiaMNMNMMMIHIIRiMMI 


IWWIHMBSMMMIMiiMWMWHIlilllini 

nw>BrnnainianBMaa«*aiiaH 

H»]MllllM!nMM«ni»ft«RMimilMMWMMI 


FIGURE  N 
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FIGURE  17 
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FIGURE  25 

SIMULATED  ENGINE  FAILURE 
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Figure  30 

Vibration  Characteristics 
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C.G.  VERTICAL  FS  196.7  BL  -9.625  WL  69.25 
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US  ARMY  AVIATION  SYSTEMS  COMMAND 
ATTN:  AMSAV-EF 

PO  BOX  209,  ST.  LOUIS,  MISSOURI  63166 


/ 

The  United  State?' Army  Aviation  Systems  Test  Activity  conducted  an  Army 
Preliminary  Evaluation  of  the  imnjrwpd  CnKra  armament  system^dhuring  the  period 
25  September  to  20  October  1  tt22.^The  testing  was  ^ccomplfshed  in  three  phases;^ 
teach  subsequent  io  tfie  contractor's  test(lig5M  (1)  handling  qualities,  (2)  jettison 
envelope  monitoring  and  verification,  and  (3)  helmet  sight  subsystem  qualitative 
evaluatioq»ffhe  testing  was  conducted  at  Bell  Helicopter  Plant  No.  6,  Arlington, 
Texas,  ancFSifcPtfbjave,  California.  No  deficiences  and  seven  shortcomings  were 
noted.  »The  shortcomings  were  (1)  undamped  lateral-directional  oscillations  with 
the  stability  control  augmentation  system  OFF  at  130  knots  calibrated  airspeed, 
(2)  excessive  four-,  eight-,  and  ten-per-rotor-revolution  vertical  vibrations  in 
symmetrical  pull-ups,  (3)  inability  of  the  helmet  sight/M28Al  system  to  provide 
adequate  range  and  speed  compensation  for  the  40mm  weapon  system, 

(4)  intermittent  helmet  sight  reticle  operation  at  the  pilot  station, 

(5)  uncomfortable  orientation  of  the  gunner's  left  handgrip;  (6)  canted  orientation 
of  the  pilot  and  gunner  sight  reticles,  and  (7)  poor  design  of  the  turret  action 
switch  and  trigger  guard  assemblyrSeven  conditions  were  noted  that  failed  to  satisfy 
the  requirements  of  the  military  specification,  MIL-H-8501A.-The  ship's  airspeed 
system  position  error  characteristics  should  be  incorporated  in  the  operator's 
manual.  The  helmet  sight  subsystem  boresighting  procedure  should  be  improved 
prior  to  operational  use. 
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